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Broad-Band Carrier System for Cables 


By M. L. ALMQUIST 
Toll Transmission Development 


F the broad-band carrier sys- 

tems, the type K for cables 

was the first to go into regu- 
lar commercial service. Two com- 
plete systems have been installed in 
existing cables between Toledo and 
South Bend, a distance of 150 miles, 
and have been under test for a number 
of months. The tests included a period 
of operation during which the chan- 
nels were used for commercial traffic 
with very satisfactory results. The 
system operates on Ig9-gauge non- 
loaded pairs, and provides twelve one- 
way channels per pair. Like the other 
broad-band systems, type K employs 
a four-wire circuit—different pairs 
being used for transmission in the two 
directions. The same frequencies, how- 
ever, serve for both directions of 
transmission, so that shielding is es- 
sential between the oppositely-directed 
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transmission paths. In existing plant, 
this shielding will be obtained by em- 
ploying different cables for the two 
directions of transmission. Where 
new cable is to be provided, the same 
arrangement may be used, or the 
pairs in a single cable may be divided 
into two groups separated from each 
other by an internal shield which 
would normally consist of several 
layers of copper and iron tape. 

The twelve channels mentioned 
provide voice circuits with a useful 
frequency range of over 3000 cycles. 
Any of the channels may be used for 
voice-frequency carrier-telegraph sys- 
tems and thus supply twelve (or more) 
telegraph channels in place of a single 
voice channel. In addition, arrange- 
ments are also to be made to allow a 
program channel to be substituted 
for certain of the voice channels. 
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The frequency band employed for 
transmission over the cable extends 
from 12 to 60 kilocycles. The band 
below twelve kilocycles is not em- 
ployed at present except for direct 
current on a few pairs which are used 
as pilot wires for controlling the auto- 
matic transmission regulators. Below 
about ten kilocycles the attenuation 
curve changes its slope rapidly and 
thus equalization and regulation be- 
come more difficult, while above ten 
kilocycles the slope is more nearly 
constant. This may be seen from the 
curve for non-loaded pairs at a tem- 
perature of fifty-five degrees as shown 
in Figure I. 

The twelve channels for the type-K 
system are obtained from the same 
channel terminal equipment as is 
employed in our other broad-band 
systems. This provides twelve side- 
bands in the range from 60 to 108 
kc—the twelve carriers spaced 4000 
cycles apart from 64 to 108 kc. The 
carriers are suppressed and the lower 
side-bands only are used. These high 
frequencies were selected chiefly be- 
cause they permitted the use of 
crystal filters which, because of their 
sharp cut-offs, give efficient use of the 
total frequency band. Since over the 
cable the transmitted frequencies are 
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from 12 to 60 kc, a second modula- 
tion, using a carrier of 120 kc, is em- 
ployed to relocate the entire twelve- 
channel group into a 48-kc band 
directly below 60 kc. This double 
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Fig. 2—By double modulation, twelve 
voice-frequency channels are first raised to 
occupy the band from 60 to 108 kilocycles, 
and then lowered to the band from 12 to 60 
kilocycles for transmission over the cable 


modulation is represented diagram- 
matically in Figure 2, where the 
twelve original voice channels are 
shown at the lower left. The channel 
modulators raise them to the band 
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from 60 to 108 kc, and there modula- 
tion as a group with the “group car- 
rier,’ and selection of the lower side- 
band, relocates them in the band from 
12 to 60 kc. The arrangement of the 
apparatus is indicated in Figure 3. 
The attenuation of non-loaded cable 
pairs at carrier frequencies is very 
much higher than that of loaded 
pairs at voice frequencies. As indi- 
cated in Figure 1, a 19-gauge pair 
with H-44 loading, which is the type 
generally employed on long four- 
wire circuits, has an attenuation of 
about one-half db per mile at voice 
frequencies, while at 60 ke a non- 
loaded pair has an attenuation of 
nearly 4 db per mile, or roughly eight 
times as much. The loading gives to 
the cable pair the characteristics of a 
low-pass filter, and results in com- 
paratively low attenuation up to 
about 5000 cycles with a very rapid 
increase above this point. Although 
very good at voice frequencies, such 


loaded pairs are unsatisfactory for 
carrier operation, and the loading 
must accordingly be removed when 
carrier is applied. 

To take care of this large increase in 
attenuation, increased gain has been 
provided in the repeaters and in ad- 
dition they are located at shorter 
intervals; instead of the usual 50-mile 
repeater spacing for loaded cables, re- 
peaters for non-loaded carrier circuits 
will be spaced about every 161% miles 
—two repeater stations being added 
between the present repeater stations 
on existing lines. These auxiliary re- 
peater stations have been designed so 
that they need no attention except 
for periodic visits for maintenance 
purposes. The existing repeater sta- 
tions at the 50-mile intervals will be 
provided with alarms to give indica- 
tion of troubles occurring in the 
auxiliary stations. 

As shown in Figure 1, the attenua- 
tion of cable pairs varies not only with 
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Fig. 3—Schematic arrangement of apparatus for the type-K cable-carrier system 
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frequency but also with 
temperature. A change 
from o to 110 degrees 
Fahrenheit will change 
the attenuation nearly 
0.6 db per mile. Al- 
though this wide tem- 
perature range is found 
only over long periods 
of time — usually six 
months or so—tem- 
perature changes of 30 
degrees occasionally 
take place within an 
hour on aerial cables. 
Because of these large 
changes in attenuation 
and the rapidity with 
which they may occur, 
automatic regulators 
are provided to maintain the net loss 
of the overall circuit within satis- 
factory limits. These regulators con- 
trol the repeater gains in accordance 
with the change in resistance of one of 
the pairs of the cable, which serves 
as a pilot wire. 

The transmitting terminals and the 
repeaters have been designed to oper- 
ate at output levels of the order of 9 
db above that at the transmitting 
toll-switchboard. The loss at 60 kc 
of a 1614-mile repeater section at a 
temperature of 110 degrees is about 
64 db, so the level at the input to the 
repeater would be about —55 db 
under these conditions. Some repeater 
sections will be longer than this, and 
amplifiers have been developed which 
are capable of providing a gain of 
about 75 db. Since there are very 
many amplifiers in tandem, it is essen- 
tial that each amplifier be particularly 
stable with respect to fluctuations in 
the voltage of the power supply. They 
must also be unusually free from dis- 
tortion to prevent interchannel inter- 
ference, which would otherwise occur 
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Fig. 4—The master twist regulator 


when so many channels are carried by 
a single amplifier. All of these charac- 
teristics are obtained by the use of 
stabilized feedback. 

The feedback feature also provides 
a means for making the gain-fre- 
quency characteristic of the amplifier 
correspond approximately to the loss- 
frequency characteristic of the line. 
Heretofore, it has been common prac- 
tice to equalize the line by networks 
which produce a loss complementary 
to that of the line, so that the com- 
bined loss of equalizer and line is con- 
stant for all frequencies. A flat-gain 
amplifier is then employed. By placing 
a suitable network in the feedback cir- 
cuit, however, the amplifier gain is 
made to vary with frequency. accord- 
ing to the attenuation curve for 55 de- 
grees of Figure 1. Thus, the feedback 
amplifier itself equalizes the line at 
55 degrees, and the regulators need 
only make changes in gain to cor- 
respond to the change in attenuation 
with temperature. 

To perform this regulation, two 
types of regulators are employed. One, 
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Fig. s—F. P. Kinzer at the automatic transmission- 
measuring set, which measures net loss of complete 
circuit from 12 to 60 kilocycles in fifteen seconds. 
The sealed terminal bay is located at the right 


known as the flat-gain regulator, 
varies the gain of the repeater at all 
frequencies by an amount equal to the 
change in attenuation at 28 kc. It does 
this by controlling a variable air con- 
denser in the feedback circuit of each 
repeater. Since the major part of the 
variation in gain made necessary by 
temperature changes is accomplished 
by this regulator, flat-gain regulators 
are installed at each repeater station 
on the cable route. 

The change in loss with tempera- 
ture, however, is not the same at all 
frequencies, and as a result, after the 
flat-gain regulator has operated there 
remains a small residual correction to 
be made at all frequencies but 28 kc. 
This deviation is known as_ twist 
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and correction is made by 
“twist” regulators. Because 
of the smaller amount of this 
regulation required, twist reg. 
ulators are needed only at 
intervals from 100 to 20 
miles. Instead of operating 
an air condenser, the twist 
regulator controls the opera- 
tion of a switch associated 
with an adjustable network, 
As shown in Figure 3, this net- 
work is located in the output 
of the regular line amplifier, 
and a second amplifier is pro- 
vided to make up for the losses 
in the network. The master 
controllers for the two types of 
regulators are similar except 
for such differences as are neces- 
sary because of this difference 
in the control element. In both 
cases, synchronous motors in 
the master controller and at 
the repeater are employed to 
make the change in gain. 

The increase in the range of 
frequencies to be transmitted 
over the cables has made it 
necessary to apply additional meas- 
ures to reduce the crosstalk between 
pairs. This is accomplished by provid- 
ing coils to couple each carrier pair to 
every other carrier pair; and the cou- 
pling of the coils is adjusted to balance 
out the crosstalk. To balance 100 pairs, 
which is the largest number planned 
for in any one cable, 4950 coils are re- 
quired. For balancing purposes, each 
repeater section is treated as a unit 
and: thus requires one such set of 
coils for each cable. Some re-splicing 
and transposing of pairs is required in 
addition to aid further in the reduc- 
tion of crosstalk. 

Because of the low levels reached on 
the carrier pairs, steps are required to 
prevent high-frequency noise caused 
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by relays and other devices at the 
voice-frequency repeater stations 
from entering the cable via its voice- 
frequency pairs and thence being in- 
duced into the carrier pairs. For this 
purpose, coils that introduce longi- 
tudinal impedance at carrier frequen- 
cies are provided in each voice- 
frequency pair at each voice-frequency 
repeater station. Additional precau- 
tions are also required where open- 
wire branch lines enter the cable. 
Within the office, all carrier equip- 
ment and wiring are carefully shielded. 

One of the outstanding features of 
the new equipment is its compactness 
and small size. In the type-C carrier 
system, which was designed some 
years ago, approximately one bay of 
rack space was required for each two- 
way channel terminal, while with the 
new cable-carrier system, one such 
bay would accommodate twelve two- 
way channel terminals. This reduction 
in size has been effected through the 
use of new devices, such as copper- 
oxide modulators and demodulators, 
crystal filters, and new core materials 
such as permalloy, and through im- 
provements in the design of many 
other parts. Other new features are 
hermetically sealed filters to avoid the 
effects of humidity, and sealed test- 
terminals, which provide in one unit a 
moisture-proof termination for out- 
side cable, and jacks for testing lines 
and repeaters. Another important ad- 
vantage of the telephone circuits of 
the type-K system is the high velocity 
of transmission which results from the 
use of non-loaded cable pairs. 

In addition to improving trans- 
mission performance and equipment 
design, further steps have been taken 
also to safeguard the service and to 
simplify maintenance. Pilot channels 
are provided which permit the per- 
formance of the system to be observed 
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while it is in service, and thus troubles 
may be detected before they become 
serious. Arrangements have also been 
developed for testing the vacuum 
tubes while the system is in service. 
The carrier supply, which is common 
to ten systems, is arranged so that in 
case of failure, within about two milli- 
seconds an emergency supply will be 
connected automatically. 

This application of broad-band car- 
rier to existing types of cable repre- 
sents another major ‘step in the de- 
velopment of the carrier art. Besides 
making possible a larger number of 
circuits provided by the existing plant, 
its use should result in improved serv- 
ice and in more economical_facilities. 


Fig. 6—M. M. Bower with the recorder that 
is used for measuring the resistance of the 
pilot wire during the trial period 
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Steel in the Telephone Plant 


By I. V. WILLIAMS 
Metallic Materials Engineering 


ESIDES the steels employed 

primarily for their magnetic 

characteristics, which are not 
here considered, a quantity of steel— 
large both in amount and variety—is 
needed to meet the intricate and di- 
verse requirements of the Bell System 
plant. Proper apparatus design re- 
quires a detailed knowledge of the 
various combinations of characteris- 
tics that may be obtained from the 
mixtures of iron, carbon, and other 
alloying substances that come under 
the generic name of steel. There are 
almost an infinite number of types 
available, with properties and prices 
varying over an equally wide range. 
Tensile strength will vary from 40,000 
to over 400,000 pounds per square inch, 
with elongation from sixty per cent 
down to zero. Prices will range from a 
few cents to over a dollar per pound. 
Within these ranges steel can be found 


266 


to fit almost any set of properties that 
is desired except that, in general, high 
tensile values are nominally accom- 
panied by low elongation and low 
impact resistance. 

The properties of steel are chiefly 
controlled by the carbon content, the 
alloying components, the heat treat- 
ment, and the amount of cold working 
that the steel receives. An increase in 
carbon content tends to increase the 
tensile strength and to lower the 
elongation. Various alloying elements 
also have a tendency to increase the 
tensile strength without as great a 
decrease in elongation as results from 
the addition of carbon. The maximum 
effect of carbon or of the alloying ele- 
ments on the physical properties, 
however, can be realized only by 
proper heat treatment. The importance 
of the heat treatment may be seen in 
the fact that a one per cent carbon 
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steel in the annealed condition may 
have a tensile strength of about 
80,000 pounds per square inch, whereas 
by suitable heat treatment this tensile 
strength can be increased to 300,000 
pounds per square inch. 

Possibly the greatest amount of 
steel used in the telephone plant is 
employed for structural purposes such 
as racks and frames. These parts are 
made from low-carbon steel, the car- 
bon usually being less than 0.3 per 
cent, and the parts are designed so 
that the stresses are not excessive for 
steel of this type. Structural steel is 
rolled to shapes that have been de- 
signed to distribute the stresses so as 
to allow the most economical use of 
the material. Low-carbon steel is also 
used for panels of various types. Here 
again the panels are so designed that 
the stresses are comparatively low, 
and full advantage is taken of the 
strength and stiffness of the steel. To 
permit painting or metallic plating, a 
smooth-finished sheet is ordinarily 
employed for this purpose. 

Moving parts such as gears, cams, 
pawls, and bearings require widely 
varying types of steel. The choice will 
depend upon the severity of the work- 
ing conditions which the parts have to 
undergo, and involves a study of the 
amount of abrasion or wear likely to 
occur, the amount of impact which 
can be expected, and the loads that 


have to be withstood, as well as such 
special factors as corrosion. 

Lightly loaded parts that move at 
comparatively low speeds, and are not 
subject to shock, can be made of soft 
steel. As working pressures or speeds 
increase, or where shock or special 
wear conditions are encountered, some 
harder type of steel must be used. 
Usually a case-hardened steel or a 


Fig. 2—A nitrided film guide 


full-hardened steel is chosen for this 
work. The case-hardened steel is a 
low-carbon steel on which a hard sur- 
face has been produced by heating in 
some carboniferous material at tem- 
peratures ranging from 1400 to 1750 
degrees Fahrenheit, followed by 
quenching or, in some instances, by 
special heat treatments to attain the 
desired physical properties. Full- 
hardened steels are of higher carbon 
content, usually from 0.5 to I per cent 
carbon, and may have 
alloying elements pres- 
ent. These steels are 
hardened throughout 
by heating to tempera- 
tures from 1375 to 
1600 degrees Fahren- 
heit and quenching 
either in oil or water, 
depending upon the 
composition of the steel 


Fig. 1—A group of pinions used in machine switching dials and the hardness de- 
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sired. They are then tempered by 
reheating at temperatures varying 
from 400 to 1100 degrees Fahrenheit. 
The case-hardened parts have soft 
cores and hard cases, and are usually 
considered most suitable for parts 
which are subject to high speeds or 
considerable impact. The full-hard- 
ened steels are considered more useful 
where slower speeds, higher loads and 
less impact are encountered. These 
special properties must be borne in 
mind when specifying the steel for a 
part which is to be subjected to wear. 

For applications where high speed 
and light pressures are accompanied 
by severe abrasive conditions, nitrided 
steels have been found particularly 
useful. These are steels which have 
been particularly designed to permit 
hardening by the formation of nitro- 
gen compounds. The alloying ele- 
ments used are generally aluminum, 
chromium, and vanadium, which as- 
sist in the formation of the hard case. 
Other alloying elements are sometimes 
added to produce special properties, 
such as greater elongation and shock 
resistance. The method of hardening 
consists in heating the steel in a 


—e- 
Fig. 3—Selecting fingers for the crossbar 
switch are made from spring stainless steel. 


The properties of this type of steel ap- 
proach those of music wire 


268 


Fig. 4—This dial for colored handsets has 
stainless steel finger wheel and finger stop 


sealed chamber at a temperature of 
approximately 1200 degrees and pass- 
ing ammonia over it while it is at this 
temperature. The ammonia breaks 
down to provide nascent nitrogen 
which forms nitrides with the com- 
ponents of the steel. These nitrides 
form a harder case on the surface of 
the steel than can be produced by any 
other method. Because of the extreme 
thinness of the case, its exact hardness 
is very difficult to determine, but 
various investigators have estimated 
that it is between 800 and 1000 Brinell, 
whereas the ordinary steels cannot be 
hardened much beyond 650 Brinell. 

Nitrided steel proved particularly 
valuable for the film guide in sound 
picture apparatus, to mention one ap- 
plication. This guide is subjected to 
continual rubbing as the film passes 
over it at high speed and with an 
intermittent motion that produces a 
slapping effect. Many materials were 
tried for this part, including chrom- 
ium-plated brass, tool steel, both 
plain and chromium-plated, and case- 
hardened steel. All wore out very 


rapidly. It was then decided to try 
April 1938 


Ks é 
é 
: 


nitrided steel, which was a new de- 
velopment at that time, and the guide 
wore very satisfactorily and was 
adopted for use. 

Springs are among the most im- 
portant pieces of telephone apparatus 
made of steel. These are of many 
types, one of the most important 
being the helical-wound springs, which 
are generally made of music wire. Due 
to its special method of manufacture, 
music wire is the strongest of ordinary 
engineering materials. It develops a 
tensile strength of over 400,000 pounds 
per inch in the small sizes, and yet can 
be kinked without breaking. Springs 
of this material are particularly re- 
sistant to shock and, if worked below 
one-third of their tensile strength, 
have very good fatigue resistance. 

Another type of spring material 
used in large quantity is clock-spring 
steel. This is another material that re- 
quires a very special manufacturing 
method since it is hardened in long 
strips of several hundred feet. Tensile 
strengths of 300,000 pounds per square 
inch or better are obtained. Although 
these springs do not have the duc- 
tility or resistance to shock of the 
music-wire springs, they have higher 
fatigue limits and can be worked at 
higher stresses. 

There are other springs which re- 
quire the properties of clock-spring 
steel, but which, because of their 
shape, cannot be formed in the heat- 
treated condition. For these applica- 
tions a clock-spring steel composition 
is used but the parts are heat treated 
after forming. This is a more ex- 
pensive method of manufacture, but 
has to be employed in many instances. 

Widely used of late are the stain- 
less steels. These fall roughly into 
three classes, those containing ap- 
proximately 13 per cent of chromium, 


which are capable of being hardened 
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by heat treatment; those containing 
sufficient chromium, generally 16 per 
cent or more, so that the resulting 
steel will not respond to heat treat- 
ment; and a group containing nickel 
and chromium. These latter steels do 
not respond to heat treatment, and 
usually contain a minimum of 17 per 
cent chromium and 7 per cent nickel. 
The percentage may run much higher 
than this, but the ratio between the 
two alloying elements is usually con- 
stant. This group is the most resistant 


Fig. s—An alloy steel tool in which space 
limitations demand the use of material of 
high strength 


to corrosion, and the corrosion re- 
sistance increases with the increase of 
alloying elements. 

A rather specialized use of steel, 
and one for which stainless steel is 
particularly fitted, is for escutcheon 
plates and other parts subjected to 
handling, in which appearance is an 
important factor. Because of the high 
polish that stainless steel will take, 
and because of the high resistance to 
corrosion that it exhibits, it is becom- 
ing much more popular for such uses. 
The escutcheon plate on the coin- 
return chute of the coin box is one 
place where this steel is now being 
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used. It is also being used for dial 
finger wheels for colored handsets. 

Tools used in the maintenance of 
telephone apparatus use a large 
amount of steel, and the choice of a 
suitable type is of considerable im- 
portance because of the severe service 
to which these tools are put. Some 
tools, where the size is large enough 
to permit the stresses to be kept at 
low values, can be made of cold- 
rolled steel. This material makes an 
inexpensive tool, which if properly 
used, is generally very satisfactory. 
Because of the space limits encount- 
ered in using most of the Bell System 
tools, however, the stresses developed 
are very high, and as a result the 
tools usually have to be made of a 
high-grade, high-strength material. 
Case-hardening is employed in some 
instances. This is the intermediate 
step in the improvement of the tools, 
the final step being the use of high- 
carbon steels or of medium-carbon 
alloy steels. 

Since it is desirable to keep the 
number of stock items required as 
small as possible, an attempt is made 
to use one or two materials for tools. 


Carbon tool steel of approximately 1 
per cent carbon, or achrome-vanadium 
steel containing about 1% per cent 
carbon, I per cent chromium, and 
Y% per cent vanadium, is generally 
employed. Because the alloy steel js 
somewhat cheaper than high-carbon 
tool steel, and exhibits better proper- 
ties for tools, most of the new tools 
are made from this material. Hardness 
is varied to suit the purpose for which 
the tools are to be used by changing 
the temperature at which the tools are 
tempered. By varying the hardness it 
is generally possible to make a satis- 
factory tool for any purpose from one 
or the other of the two steels men- 
tioned. An exception was a tool for 
cleaning message-register switches. 
This consists of a device for agitating 
the catch on the message register and, 
at the same time, squirting carbon 
tetrachloride on the bearings. It was 
found that carbon _ tetrachloride 


etched most of the materials which 
were tried for this use. Steel of the 18 
per cent chromium, 8 per cent nickel 
type was found to be satisfactory for 
this use, and the tool was made up 
entirely of this material. 


Fig. 6—Sequence switch springs are cut in the mounted 

position on the frame with the rotor removed by means 

of this splitting tool in which a very hard steel is used 
for the cutting blades 
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A Multi-Frequency ‘Transmitter for the 


Private Plane 


By E. A. BESCHERER 
Radio Development Department 


HE importance of radio to air 

transportation is too well 

known to require emphasis. 
Radio receivers are used almost con- 
tinuously on transport flights to fol- 
low radio beacons and to receive 
weather reports, and two-way com- 
munication is employed to make 
periodic reports to the airline head- 
quarters and to communicate with the 
airport officials before landings. What 
is perhaps not so commonly known is 
that while there are some 400 planes 
operating on scheduled airline flights, 
there are nearly gooo coming under 
the classification of private planes. Al- 
though these private planes in general 
are small and do not need such elabo- 
rate equipment as the transport 
planes, they do a great amount of all- 
weather flying, and must be able to 
receive beacon signals and weather 
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reports, and communicate with De- 
partment of Commerce Stations, and 
with airport officials to receive landing 
instructions. 

With the needs of the private flyer 
in mind, the Western Electric Com- 
pany has had available for a number 
of years radio equipment* particu- 
larly arranged for the small plane. 
Weight is always important in an air- 
plane, but the difficulty in providing 
radio transmitters for private planes is 
largely one of meeting space require- 
ments. For the most part the private 
planes are small, and space within 
reach of the pilot is at a premium. 
Even though the previous transmitters 
have been small, it has been necessary 
either to place them where they were 
not easily accessible, or to provide a 


*Recorp, December, 1935, p. 136 and Fanuary, 
1936, p. 161. 
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Fig. 1—The radio-frequency unit of the 25A transmitter, 
showing the external mounting of the tubes 


control and tuning unit on the instru- 
ment panel with the added weight and 
expense of flexible shafting that it re- 
quires. This difficulty, which has here- 
tofore seemed unavoidable, has now 
been overcome by a radically new 
design. The 25A radio transmitter is 
the result. 

An outstanding feature of the new 
design is the construction of the 
transmitter in two parts; a radio-fre- 
quency unit, which incorpo- 
rates the tuning elements, and 
a power and audio unit, which 
includes the remainder of the 
transmitter and the dyna- 
motor. The radio-frequency 
unit is small enough to be 
mounted directly in the in- 
strument panel, thus permit- 
ting direct tuning, and making 
it simple to substitute other 
quartz plates when the oper- 
ating frequency is to be 
changed, while the other unit, 
which requires no attention, 
may be mounted in any con- 
venient place in the plane. 

The radio-frequency unit, 
shown in Figure 1, is approxi- 


mately 61% inches wide, 414 
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inches high, and 4 
inches deep. The face- 
plate, which covers the 
front of the unit, ex. 
tends beyond these di- 
mensions sufficiently 
to permit mounting 
the transmitter flush in 
the instrument panel. 
The two vacuum tubes 
and the quartz plate 
holder, which are in- 
cluded in this unit, 
project through the 
cover plate. This makes 
it very easy at any 
time to change the 
transmitting frequency by changing 
the quartz plate holder. Only a single 
quartz plate is provided as standard 
equipment with the transmitter, but 
the holder is of the double type so 
that two crystals may be used if de- 
sired. A small switch directly at the 
left of the holder permits the desired 
crystal to be selected as needed. On 
the front of the face plate are all the 
controls needed to operate the trans- 


Fig. 2—The radio-frequency unit with face plate 
removed and the unit open at the hinge 
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mitter. In addition to the crystal 


switch, there is included a_ power: 


switch for connecting battery to the 
filaments, an antenna-tuning control, 
a plate-loading switch, a plate-current 
meter used for tuning, and a jack for 
the microphone. The receptacle for 
the multiple-conductor cord connect- 
ing this unit to the 
power and audio unit 
is mounted on the 
chassis behind the in- 
strument panel, and is 
evident in the photo- 
graph at the head of 
this article. 

Although the divi- 
sion of the transmitter 
into two parts made it 
possible to place all the 
apparatus used for con- 
trol or tuning within 
the narrow limits of 
the radio-frequency 
unit, the construction 
and maintenance of 
the set would have 
been difficult but for 
another innovation. This is the ar- 
rangement of the radio-frequency 
unit itself in two parts, which are 
hinged together and may be opened 
like a traveling case for assembly or 
maintenance. This is indicated in 
Figure 2, which shows the unit open 
at the hinge. Without this provision 
the necessary compactness of the as- 
semblage would not only have re- 
tarded the original assembly, but 
would have made the replacement or 
repair of the parts exceedingly slow 
and difficult, since to reach some of 
the elements within the unit many 
other elements would have to be re- 
moved. The two parts when closed 
are fastened together by two screws 
on each side, and the face plate, which 
is removed for opening the unit, is 
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fastened both to the unit and to the 
instrument panel. 

Another novel feature is the mount- 
ing of the two tubes external to the 
unit itself, so as to provide ample air 
circulation for cooling. This arrange- 
ment may be seen in Figure 1. The 
body of the unit is in the shape of a T 


Fig. 3—The audio and power unit with cover removed 


with a short stem, and one tube is 
mounted on each side of the stem. 
The quartz plate holder projects 
through the faceplate into the stem 
of the T, and the unit is hinged in the 
cross of the T just behind the tubes. 
Further accessibility to the high- 
frequency unit is provided by making 
the two side plates of the stem of the 
T removable. 

The power and audio unit is shown 
in Figure 3, and in the photograph at 
the head of this article. Mounted on 
the rear of the base is the dynamotor, 
which is driven from the ship’s twelve- 
volt battery, and supplies high volt- 
age for the plates. On the front of the 
base is the audio amplifier, the relay 
for starting the dynamotor, and a 
control relay. This latter relay oper- 
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ates the dynamotor relay and the 
antenna relay in the high-frequency 
unit for transferring the antenna be- 
tween receiver and transmitter. On 
the front of the base of this unit are 
two receptacles—one for the multi- 
conductor cord to the radio-frequency 
unit, and one for the cord to the bat- 
tery. Between these receptacles are 
three fuses under a common cover. 
One of the fuses is in the high-voltage 
circuit, one in the filament circuit, and 
one in the main power circuit. The 
cover is equipped with clips that fit 
over the main fuse and withdraw it 
when the cover is removed. This 
avoids the possibility of anyone’s 
coming in contact with the high volt- 
age when changing a fuse. The bind- 
ing posts shown are for connections to 
the radio receiver and antenna. 
Operation of the set is very simple. 
With the desired quartz plate in place 
and the power switch in the “on” 
position, the six-position loading 
switch is turned to a predetermined 
position dependent upon the fre- 
quency, and the tuning control is 
then turned until the needle of the 
plate current meter makes a marked 
dip, indicating a resonance. Other 
crystals may be substituted for the 
one with which the set was tuned 
without the necessity of retuning pro- 
vided the frequency change is not 
greater than five per cent. The micro- 
phone includes a press-to-talk switch. 
With this switch released, the antenna 


is connected to the radio receiver, and 
the transmitter is disabled. When the 
switch is pressed, relays operate to 
start the dynamotor, to transfer the 
antenna to the transmitter, and to 
provide sidetone for the head receiver, 

This simple operating procedure js 
made possible by the electrical design 
of this transmitter, with which A. G, 
Fox has been omnainal One of the 
unusual features is the employment of 
a band-pass transformer as a coupling 
between the oscillator and power 
amplifier. This transformer is de- 
signed to pass the full rated frequency 
band of the transmitter from 2.8 to 
6.4 megacycles, and eliminates all 
oscillator and interstage tuning. This 
frequency band includes the frequen- 
cies available to private flyers and 
transport planes. 

The complete transmitter, includ- 
ing both units, the crystal, the micro- 
phone, and the connecting cords, 
weighs only twenty-three pounds, pro- 
vides fifteen watts of carrier power, 
and is capable of substantially com- 
plete modulation. Although intended 
primarily for telephone transmission, 
it may readily be adapted for either 
continuous-wave or modulated con- 
tinuous-wave telegraph transmission. 
The two units with tubes, connecting 
cables, and microphone are packed in 
a single carton and the only ordering 
information required other than the 
code number of the transmitter is the 
frequency of the quartz plates. 
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Improved Methods in Cable Testing 


By E. C. WEGMAN 
Cable Development 


EFORE the Western Electric 
Company ships a lead-covered 
telephone cable it is subjected 
to a series of careful tests. These tests 
are of necessity limited to those which 
can be made without affecting the 
suitability of the cable for its use in 
the field; that is, they are not “de- 
structive.” There are qualities, how- 
ever, which must be provided for in 
the design of the cable the presence of 
which can only be determined by 
destructive tests. Tests of this char- 
acter can be applied only to sample 
lengths. Destructive tests are very im- 
portant in the development studies of 
possible designs and from time to 
time may be used as checks on man- 
ufactured product. 
One important requirement for a 
lead-covered cable is that it shall not 
suffer serious damage in the usual 
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handling to which it is subjected in the 
field, where it must be pulled through 
conduits and bent into position in 
manholes. The suitability of new or 
substantially changed designs of cable 
from the standpoint of such handling 
in service could be investigated under 
field conditions by actually pulling a 
full length in and out of conduit and 
by setting it up in manholes and 
splicing. Since installation conditions 
vary widely, however, and since 
actual field trials of this kind destroy 
substantial amounts of cable and in- 
volve much time and labor, specific 
tests of a laboratory character are 
desirable, which can be applied to 
short lengths to determine, at least in 
a preliminary way, the handling prop- 
erties of cable. A variety of possible 
procedures that would simulate treat- 
ment in the field were investigated; 
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and four tests were finally selected 
which would determine the effects on 
the core, on the paper wrapping, and 
on the sheath of various types of 
bending and pulling. Two of these are 
comparatively simple bending tests, 
which can be made by hand on a 
laboratory bench. The other two are 
pulling and sheave tests performed as 
indicated in Figures 1 and 2. 

In one of the hand bending tests, 
the cable is bent around a mandrel 
in the horizontal plane and then given 
a reverse bend of equal magnitude in 
the same plane. In the second test it 1s 
similarly given two bends but in 
planes at right angles to each other. 
In both of these tests the bends are 
first made at comparatively large 
radius, and if no damage is noted, the 
radius is progressively decreased until 
damage becomes evident, either from 
the appearance of the sheath itself or 
from high voltage breakdown tests be- 
tween conductors or between con- 
ductors and sheath. In the pipe and 
sheave tests the procedure is some- 
what similar but for these it is the 
load, or tension, applied to the cable 
that is progressively increased. 


While the effects of these tests are 
frequently evident on the sheath, the 
damage is often inside the sheath, and 
can be revealed only by measurements 
of the dielectric strength. Such meas- 
urements have usually been made by 
applying an alternating potential to 
the cable conductors, and increasing 
the voltage until breakdown occurs, 
The objection to this method is that 
the large rush of current that follows 
the breakdown not only burns out the 
fault but damages the neighboring 
conductors. As a result no further 
tests can be made on the cable. To 
avoid this objectionable feature a new 
circuit has been arranged for the di- 
electric test which limits the current 
at breakdown, and as a result the 
cable is not damaged. In fact, on a 
second application the cable will break 
down at almost the identical voltage 
that caused the first failure. For this 
new test, direct current is employed, 
and the circuit is arranged to cut the 
current to a low value when break- 
down occurs. An examination of the 
cable after breakdown discloses a very 
fine hole which is too small to have 
any detrimental effect on the quality 
of the cable. With re- 
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peated flashes the hole 
becomes larger. Itssize, 
magnified fifteen di- 
ameters, is shown in 
the upper part of Fig- 
ure 3, while below—for 
comparison -~ are 
shown, magnified in 
the same ratio, the 
harmless holes made 
by a splicer’s test pick, 
which has points about 
the size of a sewing 
needle. These dielec- 
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Fig. 1—In the pulling test a short length of cable is pulled 
through a pipe with a double bend under various loads 
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tric tests are applied to 
cables both to deter- 
mine their normal 
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breakdown strength and in conjunc- 
tion with the bending and pulling 
tests to determine when the cable has 
been damaged. 

In applying this d-c breakdown 
test, the voltage is increased in steps 
of 100 volts, beginning at a potential 
at which it is believed no failure will 
take place. Each voltage is main- 
tained for-ten seconds and then re- 
applied at least three times before 
going to the next higher step. Such a 
procedure is found desirable because 
sometimes conductors will fail on the 
second or third application, which did 
not fail on the first. 

When used in conjunction with the 
mechanical tests, the breakdown is 
generally determined first. If the cable 
then breaks down at a lower voltage 
after the bending or pulling test, it is 
an indication that damage was done, 
while if it breaks down at the same 
value as at the initial test, it is as- 
sumed that the bending or pulling 
caused no particular damage. The di- 
electric strength data obtained in the 
initial test, before the cables are 
handled, is also of considerable value 
for comparison between different types 
of cables. They also 
indicate the factor of 
safety between the 
guaranteed dielectric 
strength and the ac- 
tual dielectric strength. 

Experience with 
these mechanical tests 
has shown that the 
bending tests affect 
principally the sheath 
and the wrapping pa- 
per around the core, 
and will show any ten- 
dency for the core it- 
self to become kinked s 


hand, affect the dielectric strength of 
the insulation more than the bending 
tests do. They also show the maxi- 
mum safe load for the various sizes 
and types of cable. The dielectric 
strength test is of value principally in 
conjunction with the pulling test, and 
in many cases will show evidence of 
material weakening of the insulation 
when visual examination shows prac- 
tically no evidence of damage. Ex- 
perience with various types of bending 
tests has also shown that a very de- 
cided kinking of the core can occur 
with no evidence of any appreciable 
loss in dielectric strength. 

The use of these mechanical han- 
dling tests has so far been confined al- 
most entirely to direct comparisons of 
similar sizes of different types of 
cable. They were of great value, for 
example, in the development of pulp 
insulated and unit type cables by per- 
mitting a comparison between the 
handling qualities of these cables and 
the ribbon-insulated layer-type cables 
that had been standard for many 
years. It now seems probable that as 
additional data are obtained, there 
will eventually be available sufficient 
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or buckled. The pull- 
ing tests, on the other 
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Fig. 2—In the sheave test the cable is pulled over a sheave to 
determine the effect of bending at various loads 
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information to provide a definite useful in predicting the probable be- 
measure of handling quality by which havior of cables under service condi- 
new designs of cable may be gauged. tions, practical experience must al- 
While these laboratory tests are very ways guide the final judgment. 


Fig. 3—Holes made by the dielectric tests, of one, five, and fifteen flashes—from left to 
right above—are small compared to those made by a splicer’s pick, shown below. 
All photographs are fifteen times actual size 


This country is entitled in good times and bad to the best 
possible telephone service at the lowest possible cost. The 
success of the American Telephone and Telegraph Com- 
pany and its Associated Companies must be measured by 
that standard and depends on giving at all times, day and 
night, dependable, accurate and speedy telephone service, 
constantly improved and extended in scope by research 
and invention, at a cost to the users as low as efficient 
operation can make it, consistent with fair treatment of 
employees and such return to the stockholders as will 
insure the financial safety of the enterprise. 


—WaLTER S. GIFFORD 
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News of the Month 


Musa Reacues StTaGE OF 
INSTALLATION 

A tract of land on the Manahawken 
Great Meadows in New Jersey over 2,500 
acres in extent has been acquired by the 
American Telephone & Telegraph Com- 
pany to be used as a receiving station site 
for the company’s transatlantic telephone 
service. The selection of the tract at 
Manahawken was dictated by the use of 
the multiple unit steerable antenna sys- 
tem which was developed by Laboratories 
engineers and described in previous issues 
of the Recorp. There will be a series of 
sixteen antenna units in a line about two 
miles long. This system, known as the 
musa, greatly reduces the effect of fading 
and is highly efficient in separating the 
desired signal from interfering noises such 
as static and other electrical disturbances. 

The line of antennas will be aimed at 
the Rugby transmitting station near 
London. The antenna wires will be strung 
in the form of 16 diamonds, on poles some 
65 feet above the ground, each unit an- 
tenna being about 450 feet long. Adjacent 
to the antennas will be a brick building 
housing the receivers and auxiliary appa- 
ratus. The antennas will be connected to 
the receivers by coaxial cables. Prepara- 
tory work on the necessary roadway and 
the building is under way, and the station 
is expected to be ready for operation by 
the spring or summer of 1939. 


CoLLoQuIUM 


At tHE February 7 meeting of the 
Colloquium, W. J. Albersheim of Elec- 
trical Research Products discussed The 
Physics of the Latent Image Formation in 
Photography. According to Mr. Alber- 
sheim the large scale characteristics of the 
photographic image formation such as the 
H and D curve, the background noise 
distribution of sound films, the develop- 
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ment characteristic, and the bromide de- 
pression, are interpreted as statistical 
averages of physical reactions involving 
the individual silver halide grains. Obser- 
vations and measurements are consistent 
with random distribution and irradiation 
of grains throughout the depth of the 
emulsion. The toe shape of the film char- 
acteristic leads to the assumption that a 
grain must absorb two photons of light to 
become developable. Development char- 
acteristic and bromide depression indi- 
cate that the development is a two-phase 
chemical process. 

Dr. E. F. Burton, Director of McLen- 
non Laboratory of the University of 
Toronto, spoke at the February 21 
meeting on Physical Phenomena Near the 
Absolute Zero. He discussed methods of 
producing liquid helium and of reaching 
and measuring temperatures near the 
absolute zero. The two states of liquid 
helium were described as having a transi- 
tion at 2.19 degrees K. The speaker also 
discussed the super-conductivity of metals 
and alloys and the magnetic behavior of 
metals at these low temperatures. 

* * * * * 

THE Convention of the National As- 
sociation of Broadcasters, held in Wash- 
ington from February 14 to 16, was at- 
tended by W. L. Black, F. W. Cunning- 
ham, H. E. Mendenhall, R. A. Miller, 
W. A. MacNair, G. G. Muller, R. E. Poole 
and H. Vaderson. 

H. C. Curt addressed the Post Grad- 
uate School of the Naval Academy at 
Annapolis on noise measurements. 

W. H. Douerry lectured on High 
Power Radio Frequency Amplifiers before 
the Broadcast Engineering Conference at 
Ohio State University held from February 
7 to 18. He also visited Anchorage, Ken- 
tucky, on matters relating to the installa- 
tion of new equipment at Station WHAS. 
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W. R. GoeuNer discussed optical prob- 
lems with the Bausch and Lomb Optical 
Company at Rochester. 

E. B. WHEELER and A. C. WALKER 
visited the Corning Glass Company at 
Corning, New York, to discuss the appli- 
cation of modern methods of glass manu- 
facture to telephone apparatus. 

W. H. S. Youry and L. H. Campse i 
recently visited the Southern New Eng- 
land Telephone Company in New Haven 
on matters pertaining to anti-freeze solu- 
tions for automobile cooling systems. 

O. B. Cook went to Binghamton, New 
York, to discuss linemen’s climbers. 

The LaBoraTories were represented in 
interference proceedings by R. J. Fluskey 
before the Primary Examiner at the Pat- 
ent Office in Washington. 

W. F. Smvpson was at the Patent Office 
in connection with patent matters. 


* * * * * 


H. S. Warren, Director of Protection 
Development, retired on March 31 after 
completing over thirty-eight years of 
service in the Bell System. After gradu- 
ation in 1898 by Stanford University he 
entered the employ of the Standard Elec- 
tric Company of California to study a 
projected 50,000-volt transmission line. 
He also worked for short periods with the 
California State Board of Harbor Com- 
missioners and with the Nevada County 
(California) Electric Power Company. 
Late in 1899 he joined the engineering 
staff of The American Bell Telephone 
Company (subsequently the American 
Telephone and Telegraph Company) in 
Boston. At this time the commercial 
realization of the loaded-line principle was 
an outstanding problem and to this he 
made many contributions. He constructed 
a series of high-frequency generators 
which were invaluable in the investigation 
of loaded lines; and developed the loading 
coil of the toroidal type which came into 
general use for open-wire lines. During the 
development of this coil, Mr. Warren also 
reduced its size so that a large number 
could be assembled in a single iron case 
and loading economically applied to cable 
circuits. Shortly after this he designed a 
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repeating coil for phantom circuits, a 
step which made such circuits commer. 
cially practicable. 

After several years in charge of trans- 
mission development in Boston, Mr. 
Warren came to New York in 1907 when 
the Boston laboratory was moved. About 
that time the installation of single- phase 
electrification on the New Haven Rail- 
road introduced grave problems of in- 
ductive coordination which were satis- 
factorily solved by corrective measures 
which he recommended. Since that time 
he has had charge of the Bell System's 
codrdination work with all the major 
railroad electrifications in this country, 
In 1912, he was instrumental in starting 
the pioneer investigations of the Joint 
Committee on Inductive Interference in 
California. He has been an active partici- 
pant in the work of the Joint Subcom- 
mittee on Development and Research of 
the Edison Electric Institute and the 
Bell System, beginning with the forma- 
tion of that subcommittee in 1923. An- 
other important committee activity has 
been his work as a member of the Elec- 
trical Committee of the National Fire 
Protection Association, particularly as 
chairman of its subcommittee on ground- 
ing. He has also been active on various 
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committees of the American Institute of 
Electrical Engineers, a member of its 
safety committee since 1915 and chair- 
man for two years beginning in 1935. 
For many years he has been the Bell 
System’s expert consultant on electrolysis 
and on specifications for power line cross- 
ings and joint-pole construction. 


G. A. Anderegg 


THE RETIREMENT of G. A. Anderegg, 
Cable Development Engineer, on March 
31, brought to a close an association of 
over thirty-one years with the Western 
Electric Company and the Laboratories. 
Most of this time has been spent on cable 
development to which he has made many 
important contributions. Mr. Anderegg 
graduated from Oberlin in 1899 with 
the B.S. degree and then attended Har- 
vard where he received degrees of A.B. 
and A.M. in 1900 and 1902, respectively. 
He then joined the Western Electric 
Company at Chicago and a year later 
transferred to the development labora- 
tory in New York. In 1904 he returned to 
Harvard to teach the classes of a pro- 
fessor on leave of absence. Then he 
taught for three years in Ohio State Uni- 
versity. In 1908 he returned to the West- 
ern Electric Company in its Engineering 
Department in New York. In the spring 
of 1909 Mr. Anderegg was sent on one of 
the early tours of the colleges to recruit 
engineering graduates. Of the forty-eight 
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men employed as a result of his selections 
twenty-five are still in the Bell System. 

Mr. Anderegg went to Hawthorne in 
1910 to take charge of the development 
of quadded cable suitable for loaded 
phantom circuit operation and three years 
later was given charge of all lead-covered 
cable development. He returned to New 
York in 1918 and worked for a time in 
the Transmission Branch followed by a 
period when he had charge of the Physical 
Laboratory in addition to his cable work. 
From July, 1919, to September, 1926, a 
large portion of his time was spent in 
Europe, chiefly in England and Germany 
in connection with various submarine 
cable projects. He supervised the manu- 
facture and to a large extent the laying of 
the 1921 telephone cables across the 
Florida Straits, the first permalloy-loaded 
telegraph cable laid in 1924 between New 
York and the Azores, and two permalloy- 
loaded telegraph cables laid in 1926, one 
in the Pacific Ocean from Fanning Island 
to Suva in the Fiji group, and one from 
the Azores to Emden, Germany. With the 
compietion of this work in 1926, Mr. 
Anderegg returned to New York and re- 
sumed supervision of lead-covered cable 
development, including the work that is 
carried on by Laboratories’ personnel at 
the various manufacturing plants of the 
Western Electric Company. 

* * 


W. and H. J. DELcHAmps 
were in Hawthorne in connection with 
specifications and drafting problems, and 
also to discuss certain items of telephone 
apparatus. 

W. A. SHEwuHaRT, on February 26, ad- 
dressed the Philosophical Society of 
Washington on the subject The Observa- 
tional Significance of Accuracy and Pre- 
cision. During the week of February 28, 
Dr. Shewhart gave a series of lectures at 
the Graduate School of the Department 
of Agriculture on the following subjects: 
Statistical Control; How Establish Limits 
of Variability; How Present the Results of 
Measurements of Physical Properties and 
Constants; and The Specifications of Ac- 
curacy and Precision. Dr. Shewhart also 
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addressed a staff meeting of the Bureau of 
Standards on March 4 on the subject 
Accuracy and Precision from the Viewpoint 
of the Presentation of Data. 

R. D. Jessup of Hawthorne visited the 
Laboratories in connection with key 
equipment and other station apparatus. 

C. H. Franks of the Western Electric 
Company at Hawthorne visited the Lab- 
oratories to discuss coin collectors, the 
combined set and key equipped sets. 

R. F. Mattia discussed problems in 
connection with the production of small 
parts with engineers of the Seth Thomas 
Clock Company, Connecticut. 

N. Y. Priessman and E. M. Patrer- 
son visited the works of the General 
Electric Company at Pittsfield, Massa- 
chusetts and of the Sprague Specialties 
Company, North Adams, Massachusetts, 
on the development of dry electrolytic 
condensers. Mr. Priessman, with W. 
Orvis, made another visit to Pittsfield at 
which time varistors were discussed. 

R. Burns has been appointed Chair- 
man of Technical Committee X, on Con- 
ditioning, of the A.S.T.M. Committee on 
Methods of Testing. 

W. J. Farmer and J. P. Guerarp have 
resumed their investigations of aerial 
cable sheath at Chester. 

J. R. Townsenp visited the Haw- 
thorne plant of the Western Electric 
Company in connection with various ma- 
terials problems. 

AT A MEETING of the Optical Society of 
America, H. E. Ives presented a paper 


entitled Correlation of Optical Properties 
and Photoelectric Emission in Thin Films 
of Alkali Metals. H. B. Briggs was co- 
author of this paper. 

C. C. Hipxins discussed finishing prob- 
lems with engineers of the Western Elec- 
tric Company at Hawthorne. 

At A MEETING of the Physics Society 
of Lehigh University, R. M. Bozorth 
spoke on Ferromagnetic Theory and Some 
Recent Experiments on Single Crystals of 
Ferromagnetic Metals. 


* * * 


B. W. Kenpatt, Toll Development 
Director of the Systems Development 
Department, completed twenty-five years 
of service in the Western Electric Com- 
pany and the Laboratories on the sixth of 
February. After receiving his S.B. degree 
from the Massachusetts Institute of 
Technology in 1906, Mr. Kendall was an 
instructor in physics at the Institute from 
1906 to 1908, at Barnard College from 
1909 to 1911 and at Columbia University 
from IgII to 1913. He then joined the re- 
search group of the Western Electric 
Company’s Engineering Department. His 
early work was concerned with the de- 
velopment of repeaters for the trans- 
continental line which was opened in 
1915; he was also associated with the 
Arlington radio-telephone tests and with 
carrier-current development work from 
the time of its inception. 

In 1919, Mr. Kendall spent several 
months in Europe as a member of the 
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B. W. Kendall 


Bell System group studying the technical 
problems of the Paris-Strasbourg cable. 
Upon his return he was placed in charge 
of toll development work and has since 
then been responsible for the develop- 
ment of toll circuits including voice- 
frequency and carrier-telephone systems 
and all types of telegraph systems used 
in the Bell System. A list of the develop- 
ments to which Mr. Kendall’s depart- 
ment has contributed is practically a 
summary of the improvements in Bell 
System toll transmission during the past 
nineteen years. In addition to supervising 
these multifarious activities, Mr. Kendall 
has found opportunity for numerous per- 
sonal contributions to the art to which 
his twenty-six patents bear witness. 


* * * * * 


R. D. Parker, a pioneer in the field of 
picture transmission in the Bell System 
and an expert on telegraph systems and 
equipment, completed twenty-five years 
of service in the Bell System on the tenth 
of February. Mr. Parker attended the 
University of Michigan from which he re- 
ceived his B.S. degree in 1905 and an M.S. 
in 1906. He immediately joined the 
student course of the Western Electric 
Company at Hawthorne but left three 
months later to become an instructor of 
electrical engineering at his alma mater. 
Mr. Parker joined the Engineering De- 
partment of the American Telephone and 
Telegraph Company in February, 1913, 
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to investigate special telegraph prob- 
lems and was soon placed in charge of 
the telegraph equipment group at the 
time that printing telegraph applications 
in the Bell System were begun. In the 
ensuing years Mr. Parker’s particular re- 
sponsibilities have been the determina- 
tion of the needs of the Bell System for 
all types of telegraph systems, including 
teletypewriter; outlining requirements 
and gauging the feasibility of individual 
projects; passing on new designs from the 
standpoint of practicability; arranging 
for field trials; and the issuing of informa- 
tion which standardizes the new ar- 
rangements. In 1934, when the D. and R. 
department was merged with the Lab- 
oratories, he was placed in charge of the 
Telegraph Facilities group. 

Mr. Parker’s early work with printing 
telegraph systems had to do largely with 
general studies of commercial applica- 
tions and with initial tests and field 


trials. He soon became engaged in the de- 
velopment of metallic telegraphy for 
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cables, the first commercial application 
of which was on the New York-Phila- 
delphia cable. He then was associated 
with the work to obtain more telegraph 
channels on open-wire lines by means of 
the high-frequency carrier system. During 
the war he was actively engaged in de- 
veloping a cipher telegraph system in co- 
operation with the Signal Corps and was 
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responsible for demonstrations between 
New York, Hoboken and Washington. 
His group developed a system of picture 
transmission which was demonstrated in 
1923. Commercial use of picture trans- 
mission facilities followed shortly. Under 
his direction there has been initiated 
and carried forward the development 
of teletypewriter switching systems 
for private line and TWX service. 


G. C. CrRawrorD 


of the Toll Development Department com- 
pleted thirty years of service in the Bell 
System on the tenth of February 


R. C. Davis, who completed twenty- 
five years of service on February 21, first 
became associated with the Bell System 
when he joined the Plant Department of 
the Central Union Telephone Company, 
which later became the Indiana Bell 
Telephone Company. His work included 
the supervision of outside repairmen and 
special investigations of central-office 
troubles. At the beginning of 1918 he 
transferred to the Engineering Depart- 
ment to prepare installation specifica- 
tions but left six months later to join the 
Navy, where, on the U.S.S. Macona, he 
held a non-commissioned position in 
charge of the electrical equipment. Re- 
turning to the Indiana company in 1919 
he continued his former work. 

In 1921, Mr. Davis came to West 
Street where he began his present partici- 
pation in circuit development work in the 
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analyzation group of the Systems De. 
velopment Department. His first work 
consisted of the analysis of telephone 
company orders and the design of special 
circuit arrangements where the equip. 
ment ordered deviated in any way from 
standard. Four years later he became 
supervisor of a group developing all types 
of circuits for manual switchboards and 
in 1927 took charge of a group engaged in 
the design and development of circuits for 
dial systems. This work involved the de- 
sign of dial equipment for special services 
where the aid of an operator is required, 
such as the call-distributing “B” switch- 
board for completing calls originating ina 
manual office, a key-pulsing “‘A”’ switch- 
board used to complete short haul toll 
calls from dial subscribers, and an ar- 
rangement to enable toll operators to 
complete calls to dial subscribers by 
means of key-pulsing equipment. In 1934, 
Mr. Davis was placed in charge of a group 
concerned with a similar development of 
circuits for the crossbar system. Since 
last November, he has been in charge of 
the groups that are handling senders, 
markers and routine test circuits for the 
panel and crossbar telephone systems. 

; * * * * * 


Wuen G. E. CountHan joined the stu- 
dent course of the Western Electric Com- 
pany at Hawthorne in 1913, he started 
his service in the Bell System which 
reached the twenty-five-year mark on the 
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seventeenth of February. In addition to 
the usual shop training he gained instal- 
lation experience in the Chicago area. 
Following this he joined the equipment 
engineering group where he was con- 
cerned with the development of all types 
of manual and toll equipment. During the 
War he spent most of his time on the 
design and production of switchboards 
for the Army. 

In 1919, when engineering schools cov- 
ering central-ofice systems were orga- 
nized at Hawthorne, Mr. Counihan 
became an instructor on manual switch- 
board engineering. Shortly after this he 
was placed in charge of the first panel-dial 
engineering school. These were full-time 
schools lasting for three months for each 
group. In 1921, he came to New York as 
resident engineer of the Equipment Engi- 
neering Department to follow the instal- 
lation of the first panel offices in the 


G. E, Counihan 


metropolitan area. He returned to the 
same department at Hawthorne six 
months later but soon transferred to the 
standard engineering group. He took 
charge of the Engineering Methods De- 
partment in 1928, and in this connection 
he set up routines for the Engineer- 
ing Department. 

In 1929 Mr. Counihan came to West 
Street and joined the local systems group 
of the Equipment Development Depart- 
ment. Since then he has been engaged in 
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the design and development of panel 
dial equipment, particularly those phases 
relating to placing manufacturing infor- 
mation for this type of equipment in the 
hands of the Western Electric Company. 


* * * * * 


THE PRESENTATION of a five-star serv- 
ice emblem to Albert Schreiber on the 
eighteenth of March marks his comple- 
tion of a quarter century of service with 
the Engineering Department of the West- 


Albert Schreiber 


ern Electric Company and the Labora- 
tories. Mr. Schreiber joined the Machine 
Switching Apparatus Department in 1913 
where, for four years, he was concerned 
with the design and development of 
various types of machine switching 
mechanisms and was intimately associ- 
ated with the development of the panel 
apparatus installed in the semi-mechani- 
cal offices in Newark. From June, 1917, 
to May, 1919, he served with the 11th 
U. S. Engineers, most of this time being 
spent in France. 

Upon Mr. Schreiber’s return he con- 
tinued his machine switching devel- 
opment work, but a year later trans- 
ferred to the Dial Apparatus Laboratory 
as a test engineer. At the present time 
he is responsible for setting up and main- 
taining all test equipment that is em- 
ployed in this laboratory, including the 
design of special testing apparatus. 
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THE THIRD of last month saw J. E. 
Ranges’ completion of twenty-five years 
of service with the Engineering Depart- 
ment of the Western Electric Company 
and the Laboratories. Mr. Ranges entered 
the Physical Laboratory of the Western 
Electric Company in 1913 as a technical 
assistant and in 1916 became associated 
with the development of telephone cords, 


F. E. Ranges 


switchboard wire and cable. During the 
war he served with the Research and In- 
spection Division of the Signal Corps 
for about two years and was stationed in 
France for most of this time. On his re- 
turn in 1919 he again took up his work on 
telephone cords and wires, but two years 
later transferred to the group designing 
loading coils and condensers. In this field 
Mr. Ranges has been active in the intro- 
duction of the lead-sleeve type cases and 
also new unit assembly methods em- 
ployed in cases for molybdenum-perm- 
alloy powder-core loading coils. More re- 
cently he has been engaged in the design 
and development of retardation coils that 
are used for battery-supply circuits. 


* K 


DuRING THE twenty-five years of serv- 
ice in the Bell System which W. W. Car- 
penter completed on March 24, he has 
been continuously concerned with ma- 
chine-switching systems and apparatus 
for central offices. In 1910, following two 
years of study at Nebraska Wesleyan 
[viii] 
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University, he became interested in the 
development of printing telegraph equip. 
ment and formed his own company to 
carry on this work. Three years later he 
joined the Engineering Department of the 
Western Electric Company and worked 
on the testing of the semi-mechanical 
panel apparatus then being installed jn 
the Mulberry, Waverly and Branch 
Brook offices in Newark. Late in 1917 
Mr. Carpenter returned to West Street 
to take up fundamental development of 
dial systems. As part of this work he was 
associated with the design of a step-by- 
step line finder which was later stand- 
ardized and used extensively in step-by- 
step offices. 

In 1922 Mr. Carpenter transferred to 
the group undertaking the fundamental 
development of various types of machine 
switching systems. In connection with 
this work he participated in such out- 
standing developments as the decoder, 
which was applied to the panel system in 
1925 to replace the panel translator and 
pulse machine, and the key-pulsing 
switchboard arrangement used in panel 
and step-by-step DSA boards as well as 
toll boards. He has also been intimately 
associated with the fundamental develop- 
ment of the crossbar system. During his 
service with the Laboratories, Mr. Car- 
penter has made many valuable contri- 
butions to telephone switching systems as 
attested by the fact that nearly fifty 
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atents have been taken out in his name. 

These relate largely to dial telephone 
systems, including in particular the basic 
principle of a common group of markers 
simultaneously available, as used in the 
crossbar system. About a year ago Mr. 
Carpenter transferred to the Switching 
Research Department. 


* * * * * 


R. L. WeGEL presented a paper, Jn- 
ternal Friction in Metals, at the Metal- 
lurgical Colloquium of the M. I. T. 

L. W. Gies, at Hawthorne, discussed 
receivers for the three-piece handset. 

K. G. Compton was at the General 
Electric Company in Pittsfield, to discuss 
electrolytic condensers. 

S. B. Incram spoke on Some Recent 
Developments in Electronics before the 
Washington (D. C.) section of the Ameri- 
can Institute of Electrical Engineers. 

D. T. Eicumey and J. M. Rocie were 
in Hawthorne to discuss station instru- 
ment questions. 

F. C. Nrx addressed a seminar at Yale 
University on February 23, his subject 
being Superstructures in Alloy Systems. 

J. C. Sremvserc showed some high- 
speed motion pictures of vocal cords in 
action before the New York League for 
Speech Improvement on February 19. 

H. T. Frits, on February 28 and March 
1, led a colloquium at the Massachusetts 
Institute of Technology dealing with 
short-wave reception and the development 
of steerable antennas 

J. ZoLLeR discussed the engineering of 
small dial central-office equipment with 
engineers at Hawthorne. 

W. L. Ror visited Charlotte, Green- 
ville, and Atlanta on matters relating to 
the trial installation equipment for Type- 
Cs carrier telephone systems. 

W. E. Gruetrzner was in Norfolk to 
observe the 1o1 teletypewriter line-con- 
centrating equipment trial. 

A BATTERY DESIGN conference, held in 
Philadelphia, was attended by A. E. 
Petrie, H. L. Mueller and F. T. Forster. 

V. T. Cattanan visited the Hercules 
Motors Corporation at Canton, Ohio, to 
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discuss engine-driven generator sets. 

J. H. SoLe was in Williamsport, Penn- 
sylvania, on voltage regulation problems. 

W. K. Sr. Crair inspected the Type-C 
carrier telephone trial at Charlotte, 
Greenville and Atlanta and discussed op- 
erating results with engineers of the 
Telephone Company at Atlanta. 

S. Rosen has returned from Toledo and 
South Bend where he made tests on 
vacuum tubes of the Type-K carrier- 
telephone trial installation. 


Joun HucuHEs 


of the Plant Department completed thirty 
years of service in the Bell System on the 
eighteenth of Fanuary 


V. J. Hawks has returned from Hono- 
lulu where he supervised the installation 
and testing of an A2 control terminal and 
an A3 privacy system for the new single 
side-band radio telephone circuit be- 
tween Honolulu and San Francisco. 

E. F. Watson and C. C. Taytor were 
in Chicago on February 9 to discuss tele- 
typewriter problems with engineers of the 
Teletype Corporation. 

M. E. Srriesy spoke before the Provi- 
dence Engineering Society on March 3 
on Seeing Through Coaxial Cables. 

A. J. Arxens and L. Y. Lacy tested 
noise and crosstalk on the Toledo-South 
Bend Type-K cable-carrier installation. 
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J. L. Merritt and G. C. Reiter re- 
cently visited Buffalo to investigate 
various means for improving transmission 
to “leave-word” operators. 

OVERALL CROSSTALK tests involving all 
of the pairs in the Type-K carrier trial 
between South Bend and Toledo were 
made by F. W. Amberg and L. Hochgraf 
with the assistance of personnel from the 
Transmission and Systems Development 
Departments of the Laboratories and the 
Long Lines Department. 

A. L. Wuitman has gone to’ Texas 
where he will discuss the high-frequency 
crosstalk tests in progress there. Tests are 
being made at Austin by E. S. Wilcox 
assisted by M. Aruck; at Amarillo by 
John Mallett assisted by J. L. Lindner; 
and at Dallas by J. H. Shuhart assisted 
by C. H. Gorman. 

J. E. Conwe and L. T. Witson, at 
Phoenixville, conferred with C. O. Cross 
concerning the pole replacement work in 
progress on the experimental line that is 
employed for making crosstalk tests. 


H. B. Noyes was in Florida for meas. 
urements and crosstalk balancing on the 
loaded disc-insulated Type-J carrier cable 
at the Loxahatchee River crossing. 

Joun Mattert, with G. D. Mont. 
gomery, Division Transmission Engineer 
of the Long Lines, successfully obtained 
high-frequency attenuation measurements 
during a recent sleet storm west of 
Amarillo. The storm was of such propor- 
tions that the testing equipment was 
taxed to its limit. Twice during the storm 
it become necessary to test over shorter 
distances and to move the testing appa- 
ratus accordingly. It happened that both 
moves had to be made at night. The 
equipment had to be removed from the 
open-wire line, carried over fields and 
fences to a car for transportation to the 
next point of test where it was again in- 
stalled. The first change involved driving 
66 miles over the ice-covered roads; the 
second change about 13 miles. 

T. SHaw, A. H. HeEITMANN and W. H. 
Tipp spent several weeks in Florida in 
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H. E. Mendenhall F. D. Waldron 
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D. Mitchell W. Whitney 
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E. Peterson (2) S. B. Wright 
R. Kk. Potter C. S. Yeutter 
N. Y. Priessman 
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connection with the installation and 
transmission testing of a new type of 
broad-band loading on a new disc-insu- 
lated intermediate submarine cable cross- 
ing the Loxahatchee River. This installa- 
tion forms part of the Jacksonville-West 
Palm Beach Type-J carrier-telephone 
trial installation. 

A. L. RicHey participated in the initial 
phases of the installation work on the 
Loxahatchee River loaded submarine 
cable for the type-J system. 

AT COMPLETION of the work at the 
Loxahatchee River crossing W. H. Tidd 
went to Havana early in March to co- 
operate in tests on the fourth Key West- 
Havana cable. 

H. E. Curtis and A. W. Leserrt have 
made a series of tests on disc-insulated 
toll entrance cables at Albuquerque and 
Amarillo central offices. 

H. A. ETHERIDGE was in Princeton to 
arrange a telephone order wire that will 
be used in the field trial of coaxial trans- 
mission systems. 

A. A. HEBERLEIN visited the South- 
fields, New York, and Princeton repeater 
stations recently in connection with 
vacuum tube trials. In January he par- 


ticipated in certain tests at the Toledo 
Type-K carrier terminal. 

T. A. Taytor, with R. E. Leonard of 
the A. T. and T. Company, has been in 
Alcoa, Tennessee, where they took part 
in a codperative study of an inductive co- 
ordination problem resulting from a large 
power rectifier installation. 

R. M. Hawekorte has been in Knox- 
ville, Tennessee, and Christiansburg, Vir- 
ginia, to assist in a joint study of the 
use of shunt capacitors on power distri- 
bution systems and the resulting effects 
on inductive codrdination. On this trip 
he was accompanied by H. W. Wahlquist 
of the Edison Electric Institute. 

CoORDINATED INDUCTION tests along 
the freight line electrification of the 
Pennsylvania Railroad between Parkes- 
burg and Safe Harbor, Pennsylvania, 
were made by K. L. Maurer, E. A. Potter, 
V. A. Douglas and J. H. Harding of the 
Laboratories and engineers of the Bell 
Telephone Company of Pennsylvania and 
the Pennsylvania Railroad. 

G. F. Heverman and F. M. Noian 
recently appeared before the Board of 
Appeals in Washington on matters per- 
taining to the applications for patent. 


Report of Employees’ Benefit Committee 


On January 1, 1913, the Plan for Em- 
ployees’ Pensions, Disability Benefits and 
Death Benefits was inaugurated in the 
Bell System. In the January, 1938, issue 
of the Bell Telephone Quarterly, C. J. 
Schaefer, Secretary of the Employees’ 
Benefit Committee of the American Tele- 
phone and Telegraph Company, has out- 
lined the purpose of the Plan and re- 
viewed the general trend of its history 
during its first twenty-five years. The 
Plan, designed to protect all employees 
from ordinary misfortunes which might 
terminate earning power, to assist de- 
pendent relatives of deceased employees 
during a period of adjustment, and to 
meet the problem of superannuation 
through an appropriate retirement plan, 
preceded by many years the demands for 
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social security which are being met today 
by legislation. 

The protection provided is based on 
general coverage of large groups on a uni- 
form basis, taking into consideration 
wage and service history, and is appro- 
priate for the purposes intended. Beyond 
its provisions the employee should en- 
deavor to provide for himself and de- 
pendents according to his own particular 
requirements. It is the mutual responsi- 
bility of the Companies and their em- 
ployees to understand the intent and pur- 
pose of the Plan and by the exercise of 
good judgment avoid measures which 
might affect its future security. 

Twenty-five years of experience with 
the Plan have fully demonstrated its 
value to the Companies and their em- 
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ployees. The extent to which the various 
provisions have been applied may be 
judged by the approximate payments for 
all Bell System Companies since January 
1, 1913, shown in Table I. 

In addition there has been disbursed 
by the Bell System Companies $11,500,000 
for supplementary need in exceptional 


TaBLe | 
$40,280,000 
Disability Pensions............. 3,170,000 
Sickness Disability Benefits...... 89,770,000 
Accident Disability Benefits. .... 18,550,000 


cases requiring assistance, while $31,690,- 
o0o has been charged to departmental 
accounts for sickness disability payments 
outside the Plan. 

Included in the foregoing Bell System 
totals for the past twenty-five years are 
benefit payments made at the Labora- 
tories since its incorporation on January 
1, 1925. These have been approximately 
as given in Table II. 

Also, at the Laboratories since 1925 ap- 
proximately $44,000 has been disbursed 
for supplementary assistance and $1,650,- 
ooo charged to departmental accounts for 
sickness outside the Plan. 

There is now set aside an aggregate of 
about $223,000,000 in the Pension Trust 


Tas_e II 
Service Pensions............... $ 511,500 
Disability Pensions............. 46,200 
Sickness Disability Benefits...... 1,091,000 


Accident Disability Benefits. .... 68,000 


Funds of the respective Companies. Cur- 
rent accruals, determined on an actuarial 
basis and paid annually to the Trustee of 
the Pension Funds to provide for future 
pensions, now amount to approximately 
$16,000,000. These amounts trusteed in 
the Pension Funds are irrevocably de- 
voted to service pension purposes. At the 
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close of 1937 the Laboratories’ Pension 
Fund amounted to $5,460,096. 

A statement of benefit and pension 
payments made at the Laboratories during 
1937, as prescribed in Section 8, para. 
graph 30, of the Plan, is given in detail 
in Table III. 

Nine members of the Laboratories were 
retired during 1937—five with service 
pensions and four with disability pen- 
sions. One retired member died during 
the year. The retired roll at the close of 
the year totaled ninety-nine. 

Thirteen active members of the Lab- 
oratories died during 1937 and, in accord- 
ance with the Plan, where eligibility to 
Death Benefits existed, payments were 
authorized to their qualified beneficiaries, 

In addition to payments under the 
Plan, supplementary relief payments 
totaling $8,458.54 were paid to active and 


TaB_Le_e III 


$136,553.12 
Accident Disability Benefits and 
Related 
Sickness Disability Benefits...... 


3,399.80 
137,085.24 
55,580.49 


$332,618.65 


retired members of the Laboratories in 
need of special assistance. Also, $182,- 
859.68 was charged to departmental ac- 
counts for sickness disability payments 
outside the Plan. 

The Benefit Plan is administered by a 
Committee consisting of A. F. Dixon, 
Chairman, E. W. Adams, A. B. Clark, 
J. W. Farrell, R. L. Jones, M. J. Kelly, 
L. Montamat, G. B. Thomas and W. 
Wilson. J. S. Edwards is Secretary of the 
Committee and D. W. Eitner is Assistant 


Secretary. J. S. Epwarps, Secretary. 


Employees’ Benefit Committee. 


The above statement of payments made in 
1937 audited and found correct. 


FE. J. Santry, 
General Auditor. 
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High-Speed Motion-Picture Photography 


By W. HERRIOTT 
Electromechanical Development 


ECHANICAL movements 

too rapid to be seen directly 

can be analyzed by photo- 
graphing them on motion-picture film 
at high speed and then projecting at 
low speed. For several years the Lab- 
oratories has used this method as a 
visual aid in problems associated with 
the design, manufacture and _per- 
formance of telephone apparatus. It 
has been applied to dials, relays, keys 
and ringers, and in investigations of 
Impacts and other stresses. In the 
study of transient movements such 
as contact-chatter it has been par- 
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ticularly valuable. This method avoids 
the limitations of the rapid oscillo- 
graph which can photograph only 
small areas. 

Photographic records of the motion- 
picture type give definite space-time 
relationships between moving parts. 
Space measurements are made on 
projected images, or on enlarged 
prints; and time is determined either 
from the taking speed or by photo- 
graphing a clock face that is placed 
at the side of each picture. 

This apparatus, as developed in our 
Laboratories, involves a camera of 
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Fig. 1—This high-speed camera takes 4,000 

pictures per second. By projecting them at 

the normal rate of from sixteen to twenty- 

jive per second, rapid mechanical movement 
can be slowed down and analyzed 


special design, shown in Figure 1. It 
operates normally at a speed of 4,000 
pictures per second and instead of a 
shutter it has a small cube of glass 
which rotates at high speed between 
the lens and the film. When light 
from an object passes through this ro- 
tating cube it is deviated by refraction 
through an angle which 
depends on the orienta- 
tion of the cube. This 
orientation changes 


continually as the 
film moves through the ma 


kept stationary on the moving film 
as it passes the camera gate. One 
picture is taken for each quarter revo- 
lution of the cube. 

The rays from a point of the object 
are converged by the lens on the front 
face of the cube, as shown at “A” jn 
Figure 2. There, they are refracted to 
the opposite face and pass through it 
to form an image on the film at “‘a.” 
When the film has reached a point 
‘“b” on the lens axis, the compen- 
sator has rotated to the position “sg.” 
Further rotation on the prism causes 
the image to follow the movement of 
the film downward toward ‘‘c” and 
allows the exposure of an elemental 
area of the film to continue during a 
substantial part of the exposure cycle. 
The duration of each exposure is con- 
trolled both by the speed of rotation 
of the compensator and by the angu- 
lar height of an aperture in front of 
each of the four faces of the cube. 

The cube rotates on a ball-bearing 
shaft 1,000 times per second when 
taking 4,000 pictures a second. It is 
driven by spur gears from a main 
shaft which connects directly to a 
\-horsepower motor. A_ toothed 
sprocket propels the film; it is directly 
attached to the main driveshaft of 
the motor and rotates at 12,000 revo- 
lutions per minute for a taking speed 
of 4,000 pictures per second. One- 
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camera. By correct SPROCKET 
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refraction, of the di- 
mensions of the cube 


and of the relative Fig. 2—A glass cube which rotates between the lens and the 
rates of motion of cube continuously moving film deflects the light rays enough to 
and film, the image is keep the image fixed on the film 
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hundred-foot lengths of sixteen-milli- 
meter supersensitive panchromatic 
film are used. They have twice the 
usual number of perforations for bet- 
ter distribution of the stresses which 
occur during acceleration. The loaded 
film-spool is placed on the upper 
spindle as shown in Figure 3; and the 
film is threaded under a guide roller 
onto the main sprocket and to a 
take-up spool, which is driven by a 
separate motor. A finder with a 
hooded ground-glass screen is at- 
tached to the hinged door of the 
camera. Interchangeable lenses of 
various focal lengths are mounted on 
the front of the camera; and a firm 
portable tripod is provided. 

Since the effective exposure for each 
picture is of the order of 1/10,000 
second, or less, intense light sources 
must be used to illuminate the sub- 
ject. Portable lighting units of the 
types shown in the headpiece have 
been developed for this purpose. They 
employ both carbon arcs and tung- 
sten lamps, and give intensities of 
illumination of the order of 10,000 to 
500,000 foot-candles. Liquid filters 


absorb most of the heat they radiate. 
High-speed photography is now 


Fig. 3—The film is exposed as it passes 
around the sprocket from the upper to the 
lower reel 
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Fig. 4—The high-speed motion pictures at 
the left illustrate the action of the impulse 
wheel, pawl and snubbing spring in a tele- 
phone dial. At the right is shown the action 
of the clapper striking one gong of an 
experimental ringer. These photographs 
were taken at the rate of 2,000 per second 


being applied extensively i in industry 
for the ‘‘motion analysis” of a wide vari- 
ety of manufacturing operations and in 
problems associated with the design 
and performance of machinery. Auto- 
motive engineers use it to study vibra- 
tion and the rates of combustion of 
fuels in motors. In aeronautics it 
finds application in investigating air 
flow around structures and in pro- 
peller design and performance. It is 
frequently used in ballistic studies and 
to time athletic events and is com- 
ing into use in the fields of biology 
and medicine to study nervous and 
muscular reactions under controlled 
conditions. At the Laboratories high- 
speed photography is available as a 
service to engineers. The high de- 
gree of portability which has been 
achieved both in the camera and 
lighting equipment makes it suitable 
for extensive application in a wide 
variety of problems. 
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New Magnetic Telephone 


By G. E. ATKINS 
Apparatus Development 


ELEPHONES which had no 
source of energy other than the 
speaker’s voice were the earli- 
est commercial instruments. A dia- 
phragm of soft iron served both as a 
collector of sound energy and as a 
means of varying the flux through a 
coil. Voice currents generated in this 
instrument were far less powerful 
than those given by the carbon- 
granule transmitter, which soon came 
to dominate the field. A magnetic 
transmitter, however, is simple, port- 
able, and independent of current- 
supply, and it would be attractive for 
use in construction camps, ware- 
houses and ships. Better knowledge of 
magnetic materials and structures has 
suggested that its output could be 
greatly increased by proper design. 
In the magnetic telephone which is 
the outcome of recent development 
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work in these Laboratories, a cone- 
shaped duralumin diaphragm is con- 
nected to one end of an armature 
which lies between the poles of a 
U-shaped permanent magnet. When 
sound waves strike the diaphragm the 
armature vibrates and varies the air- 
gaps between it and the pole-pieces of 
the magnet. This changes the reluc- 
tance of the magnetic circuit and in- 
duces voice-frequency currents in a 
coil which surrounds the armature but 
does not touch it. Conversely, when 
voice currents are imposed on the coil, 
the armature and diaphragm vibrate 
and reproduce speech. Thus, a single 
instrument serves alternately as trans- 
mitter and receiver. 

Signalling current is generated at 
either end of the line by varying the 
reluctance of the magnetic circuit of 
the telephone instrument rapidly 


April 1938 


enough to create an audio-fre- 
quency current. Near the ends 
of the armature are two discs 
with teeth of magnetic ma- 
terial; both discs are attached 
to the same spindle and 
mounted at the side of the 
magnet as shown in Figure 1. 
Their action is illustrated in 
Figure 3 where the parts are 
shown in their correct posi- 
tions except that the two 
rotors have each been turned 
ninety degrees for clearness of 
illustration. The total gap from 
either pole-piece to the arma- 
ture by way of the rotor tooth 
is substantially less than the 
distance between the pole-piece and 
the armature. Also, the rotors are 
displaced angularly so that the left 
rotor is in position to shunt the air 
gap between the north pole and 
armature when the right rotor shunts 
the gap between the south pole and 
armature, and vice versa. This makes 
the flux pass from the left end of the 
north pole-piece to the tooth of the 
left-hand rotor, thence, through the 
armature to the tooth of the other 
rotor, and to the right end of the south 


whe 


Fig. 2—The diaphragm is attached to a 
rocking armature similar to those used in 
certain types of loudspeakers 
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Fig. 1—The new magnetic telephones have a power- 
ful permanent magnet. The diaphragm itself emits 
a siren-like tone to signal the person called 


pole-piece. Similarly, when the rotors 
have progressed a little farther the 
flux goes from theright-hand north pole 
to the left-hand south pole through 
the armature. In this manner the flux 
through the armature is reversed 
periodically and an alternating cur- 
rent is induced in the coil. The rotors 
are driven from a hand crank through 
a gear train so that the frequency of 
the current is in the order of 1,000 
cycles per second. This frequency lies 
not only within the peak of the re- 
sponse curve of the instrument but at 
a value where the human ear is rela- 
tively sensitive. The acoustic level of 
the signal is very much higher than 
that of the standard telephone ringer. 

To obtain an efficient magnetic cir- 
cuit with small lightweight parts, the 
magnet in the telephone structure 
was made of remalloy, a highly rema- 
nent material. Pole-pieces, armature 
and teeth of the rotors are made of 
permalloy; the teeth themselves are 
separated by non-magnetic material 
in order to reduce leakage. 

A five-foot cord, the two conductors 
of which terminate in clips of con- 
ventional design, is provided to attach 
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the telephone to a permanent or a 
temporary line. A small leather carry- 
ing case with a shoulder strap is also 
available. The instrument itself 1s 


Fig. 3—The signalling current is generated 
ay rotating two discs with teeth of magnetic 
material in the field of the telephone magnet 


about three inches square and weighs 
less than two pounds. 

A wall-type telephone embodies a 
transmitter which functions as a sig- 
nal generator and reproducer, and a 
receiver which differs only in the lack 


of signalling facilities. Removing the 
receiver from its mounting transfers 
the telephone from the signalling to 
the talking circuit and, in order to 
prevent signalling under talking con- 
ditions, short-circuits the line when 
the signalling crank is turned. A 
switch is provided to connect the set 
to any of six outgoing lines. This tele- 
phone, being designed primarily for 
installation on shipboard, is water- 
tight and is shown on page 282. 

These new magnetic telephones are 
not intended for connection with Bell 
System private-branch exchange or 
central-office service but their quality 
and efficiency makes them useful for 
intercommunication service where 
compactness, independence of ex- 
ternal power, and ease of installation 
are important. 


Fig. 4—The combined transmitter and receiver 1s 
three inches square and weighs less than two pounds 
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Precise Measurement of Insertion 


Phase Shift 


By J. S. ELLIOTT 
Telephone Apparatus Development 


N the operation of communication 

circuits, the phase-shift character- 

istics of the component units tend 
to introduce distortion due to delay 
in the transmitted signal. To control 
this form of distortion, it is necessary 
to determine accurately the amount 
of phase shift contributed by the 
various circuit elements. Suitable 
measuring apparatus has been avail- 
able for this purpose in the past, but 
in recent years the transmission re- 
quirements for high-quality program 
and picture transmission circuits, and 
for certain of the carrier systems, have 
become more exacting. Not only are 
measurements required over a wider 
range of frequency and loss, but 
greater precision is needed. As a result 
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new measuring equipment has been 
developed of wider range and con- 
siderably greater precision. It can be 
used for measuring phase-shift angle 
of four-terminal networks, such as 
filters, equalizers and phase correc- 
tors, over the frequency range from 
20 to 75,000 cycles to an accuracy of 
one-sixth of a degree when the net- 
work insertion loss being measured 
does not exceed 30 db. 

The basic circuit is shown schemat- 
ically in Figure 1. A test potential is 
supplied by an oscillator to both a 
standard attenuator and the appa- 
ratus under test; and the outputs of 
these two branch circuits are brought 
to opposite corners of an equal-arm 
bridge network, one arm of which con- 
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sists of a detector and the attenuator 
used for measuring the phase shift. 
Connected in the circuit on the input 
side of the bridge network is a three- 
position key with contacts arranged 
either to terminate each branch in a 
fifty-ohm resistance, or to connect it 
to the bridge. The three positions of 
the key are marked “‘app,” “PHASE,” 
and “stp.” In the apparatus position. 
the standard attenuator branch is 
terminated in a fifty-ohm resistance, 
and the apparatus branch is connected 
to the bridge; while in the standard 
position, the apparatus branch is 
terminated in a fifty-ohm resistance 
and the attenuator branch is con- 
nected to the bridge. In the phase 
position both branches are connected 
to the bridge. 

Before making a phase measure- 
ment, it is necessary to make the out- 
put potentials of the two branch cir- 
cuits equal in magnitude. This is done 
as follows: with the key on “app” 
position a deflection is obtained on the 
detector indicating meter; and then 
throwing the key to “stp” the stand- 
ard attenuator is adjusted until the 
same deflection is obtained. With this 
adjustment made, the key is thrown 
to “PHASE,” which connects the volt- 
age from the two branches, now equal 
to the four corners of the bridge. 


Under these conditions, the voltage 
across the phase-measuring attenu- 
ator is equal to half the vector sum of 
the potentials of the two branches. In 
the apparatus branch, however, there 


Fig. 2—Vector diagram illustrating the 
“sum-difference’ method of phase-shift 
measurements 


is a reversing switch that permits the 
potential of that branch to be re- 
versed, or shifted, one hundred and 
eighty degrees in phase. 

If the potential of the standard 
branch is called 24, and that of the 
apparatus branch 2B, the potential 
across the phase-measuring attenu- 


T2 
STANDARD 
HA 
TD. 
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LATOR MEASUR- DETEC 
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75,000 DIFFERENC TENUATOR 
> T3 sum APP. 
APPA- PHASE 
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Fig. 1—Simplified schematic of the phase-shift measuring circuit 
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ator will be (A+B) with the reversing 
switch in one position, and (a—B) 
with it in the other. With the key of 
the measuring set on “PHASE,” a read- 
ing on the detector meter can be ob- 
tained for both positions of the re- 
versing switch—that is corresponding 
to (A+B) and to (A—B). Moreover, 
the former reading may be made 
equal to the latter by inserting loss by 
means of the phase-measuring at- 
tenuator. By definition the loss in db 
inserted to make (A+B) equal to 
(a—B), which may be called 1, is 
equal to 20 log (A+B) /(A—B). 

A vector diagram of these various 
potentials is shown in Figure 2, where 
the two vectors A and B are equal in 
magnitude but differ in phase by an 
angle 8. Vectors (A+B) and (A—B) 
form two sides of the triangle ocp, 
which is obviously a right-angle tri- 
angle since it is inscribed in a semi- 
circle with diameter cD, center at a, 
and radius equal to a, which is equal 
to B. The ratio (A+B) /(A—B) is thus 
equal to cot a. This angle a, however, 
is equal to 0/2 since the diagonal of a 
rhombus bisects the 
angles at the vertices. 
Cot 6/2 may thus be 
substituted for (a +B) /: 
(a—B) in the above 
equation for loss, 
which, by this substi- 
tution, becomes L = 20 
log cot /2, or in expo- 
nential form this 


L 
equals 10 =cot 6/2. 
This latter equation 
is readily converted to 
L 


the form =2 cot~!10” 
which gives the phase- 
shift angle of the ap- 
paratus under test as a 
function of the loss 


which had to be in- 
April 1938 


serted in the phase-measuring at- 
tenuator to make (A+B) equal to 
(A—B) in magnitude. A table is used 
to obtain the phase shift, 0, directly 
from the loss in db that is read on the 
attenuator. 

Since this measuring procedure 
gives the phase shift of the test ap- 
paratus in relation to that of the 
standard attenuator, any phase shift 
of any setting of the attenuator must 
be less than the limits of accuracy of 
the circuit. This requirement, in con- 
junction with the necessity for having 
negligible frequency errors for inser- 
tion loss, made it necessary to use a 
precision attenuator of the type al- 
ready described in the Recorp.* 
Moreover, two attenuators had to be 
provided to permit measurements of 
both balanced and unbalanced net- 
works. Both of these attenuators are 
mounted as part of the measuring ap- 
paratus; and the one desired is se- 
lected by inserting plug-type termi- 
nating resistances—marked pr, on the 
diagram—in jacks connected to the 

*ReEcorD, April, 1937, p. 249. 


Fig. 3—The measuring panel is arranged to mount vertically 
to make it easier to reach and read the various dials 
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desired attenuator. These resistances 
are used to equalize the two branches, 
and a similar set, marked R,, is used in 
the apparatus branch to match the 
apparatus under test. 

All parts of the circuit except the 
oscillator and detector are assembled 
on a panel arranged to be mounted 
vertically on a bench, instead of hori- 
zontally as has been the more usual 
custom in the past. This panel is 
shown in Figure 3. The plug-type 
terminating networks are shown in 
the two lower doorways, and the two 
standard attenuators—one for bal- 
anced and one for unbalanced meas- 
urements—are controlled by two sets 
of four dials at the left center. Dials 
for the phase-measuring attenuator 
are at the lower right. The range of 
each of the three attenuators is pro- 
vided by one dial with five ten-db 
steps, and three decades with steps of 
I, 0.1, and o.o1 db respectively. Four 
terminals for connecting to the ap- 
paratus under test are provided at the 
bottom of the panel as shown. 


For some measurements the poten- 
tials at the output of the measurin 
set are as much as 145 db below the 
oscillator output, and they must be 
detected to a precision of 1 db. To ob- 
tain this order of gain and sensitivity, 
a heterodyne type of detector circuit 
is employed, since it permits the re- 
sistance and tube noise to be reduced 
by using a narrow transmission band. 
Mechanical filters with a band width 
not greater than five cycles are incor- 
porated in the detector to help in 
eliminating noise. 

The appearance of the measuring 
circuit with its auxiliary units, as set 
up for a test, is shown in the photo- 
graph at the head of this article. In- 
sertion phase shift of 600-ohm net- 
works with an insertion loss of not 
over 30 db can be measured with a 
precision of +10 minutes over the 
frequency range from 20 to 75,000 
cycles. Networks with higher inser- 
tion losses, or with terminating im- 
pedances greater than 600 ohms, can 
be measured with little less accuracy. 


Fig. 4—Rear view of insertion phase-shift measuring apparatus 


A Recording System for Transmission 


Measurements 
By P. F. JONES 


General Transmission Design 


HE making of transmission 
measurements on telephone cir- 

cuits has been carried on for a 
number of years with manually oper- 
ated devices, the latest of which are 
equipped with meters calibrated di- 
rectly in decibels. For the single- 
frequency measurements commonly 
used in routine maintenance testing, a 
manual device is quite satisfactory. 
When transmission measurements 
on a circuit or a telephone repeater 
are to be made at a large number of 
frequencies as is common during de- 
velopment studies, an automatic re- 
cording system will save a large 
amount of time as it plots the trans- 
mission-frequency characteristic di- 
rectly in much less time than indi- 
vidual measurements could be made. 
Several instruments of this kind are 
now being used on the open-wire car- 
rier and cable carrier investigations, 
and on the coaxial cable development. 
Their essential elements are shown in 
Figure 1. At one end of the circuit is 
an adjustable-frequency oscillator 
which generates testing power, a send- 


SYNCHRONOUS OSCILLATOR |__| senping 


CIRCUIT___,y | | 
UNDER TEST 
ADJUSTABLE 
FREQUENCY 


ing panel for supplying this power to 
the circuit and adjusting it to the 
proper value, and asynchronous motor 
for varying the oscillator frequency. 
At the other end is a receiving panel 
which amplifies the testing power as 
received and converts it to direct cur- 
rent which causes the pointer of the 
recording meter to move. The meter 
is calibrated to record the transmis- 
sion efficiency of the circuit directly in 
decibels. The heavily outlined parts 
are those used for recording work 
only; the others are already in use in 
the field for manual transmission 
measurements. 

The general operation is as follows: 
Constant testing power is supplied to 
one end of the circuit by the adjust- 
able-frequency oscillator, the fre- 
quency being varied continuously 
from one end of the range to the other 
by slowly turning the frequency-con- 
trol dial with the synchronous motor. 
Meanwhile the meter at the other end 
of the circuit is making a record of the 
received power on a strip of paper, 
which is moved steadily by another 


TUNED 
CIRCUIT 


—O——| RECEIVING | 


MOTOR = PANEL 


—o— PANEL RECORDING 
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Fig. 1—Schematic arrangement of recording system 
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Fig. 2—A laboratory installation of the 
transmission measuring system 


synchronous motor. The resulting 
curve is a graph of the variation of the 
transmission efficiency of the circuit 
with respect to frequency. 

If it is desired to obtain a record of 
transmission efficiency with respect to 
time, the same arrangement is used 
without the motor at the sending end, 
the oscillator frequency being fixed. 
The recording meter will then draw a 
line showing how the received power, 
and therefore the loss introduced by 
the circuit, changes with respect to 
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time. If it is desired to record noise on 
the circuit instead of transmission loss 
the oscillator is disconnected from the 
circuit and the amplification at the 
receiving end increased until the very 
small noise currents are sufficient to 
cause readings on the meter. If the re- 
ceiving apparatus is connected across a 
working telephonecircuitit willserveas 
a recording speech-volume indicator, 

The oscillator, amplifier and other 
parts of the system have great sta- 
bility and when left in continuous 
operation will remain in adjustment 
over long periods so that they may be 
used in the same manner as an ordi- 
nary voltmeter. 

A complete installation of the re- 
cording system is mounted for con- 
venience of operation on two bays as 
shown in Figure 2. The receiving 
equipment is on the left-hand bay and 
the sending equipment on the right- 
hand. Directly below the recording 
meter is the amplifier-rectifier which 
supplies current to the meter. Below 
the keyshelf is the equipment com- 
prising the tuned circuit indicated in 
Figure 1. On the right-hand bay is the 
motor-driven oscillator for generating 
testing power and immediately belowit 
is the sending panel for adjusting this 
power and distributing it to testing 
terminals. Below the keyshelf is the 
auxiliary equipment provided for auto- 
matic operation. 

The recording meter is a new de- 
sign developed by the Weston Elec- 
trical Instrument Corporation in ac- 
cordance with specifications drawn up 
by Bell System engineers to meet the 
special needs of telephone circuit test- 
ing. It is extremely fast in operation, 
the moving system responding to 
fluctuating currents in about the same 
manner as the moving system of a fast 
d-c voltmeter. This high recording 
speed is made possible by making the 
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record without actual 
contact with the paper 
and, therefore, with- 
out friction. 

Figure 3 illustrates 
the general principles 
of this recorder. Heat- 
sensitive paper is 
drawn over a straight 
bar which is at right 
angles to the direction 
of paper movement, 
the bar being shaped 
so that only a line of 
paper is directly below 
the pointer of the mov- 
ing system. A fine 
straight electrically 
heated wire is placed on the end of 
the pointer so that as the current 
through the moving system is varied 
the hot wire travels at approximately 
right angles to the line of the exposed 
paper and only a small spot of the 
paper is affected by the heat at any 
instant. With this arrangement the 
plot obtained has rectangular codérdi- 
nates, which has been found to be a 
very desirable feature. 

The heat-sensitive paper is a colored 
paper coated with white wax and be- 
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Fig. 3—How the heated wire carried by the pointer makes its 


trace on the waxed paper 
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Fig. 4—A close view of the recorder mechanism 


fore exposure is nearly pure white. 
The application of heat causes the 
wax to melt and be absorbed by the 
paper, making a distinct colored trace. 
The rapidity of action is dependent 
upon the amount of heat and the rate 
of movement of the heated wire with 
respect to the paper. The temperature 
of the wire is regulated to suit condi- 
tions; however, the maximum heat 
used is insufficient to char the paper 
even when it is not in motion. This 
method of recording is particularly sat- 
isfactory from a main- 
tenance standpoint. A 
record is made almost 
the instant the current 
is turned on and there 
is no danger of failure 
of recording when the 
meter has stood idle 
for a time. 

The reliability is so 
great that it is not 
necessary for the at- 
tendant making the 
test to see the record- 
ing meter while it is in 
use. Because of this 
and the stability of the 
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Fig. 5—Impressing the frequency-coérdt- 
nates on the paper 


associated sending and receiving ap- 
paratus, it is possible to locate an in- 
strument of this type at some central 
point in an office and have it used by 
testers some distance away. For such 
an installation it is necessary to have 
auxiliary circuits for enabling any 
tester to determine if the system is 
available for use, to indicate when a 
test has beencompleted 
and to enable the re- 
cording meter and os- 
cillator to be started 
from remote points. 
Either the oscillator or 
the recording meter 
can be set in motion by 
the operation of a key 
and made to stop auto- 
matically when the test 
has been completed. 
The moving system 
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new transmission measuring systems,* 
Shaping of the pole faces of the perma. 
nent magnet and of the iron core 
around which the moving coil turns, 
is such that uniform divisions are ob. 
tained over a large portion of the 
scale. The total range of the meter js 
about 26 db and the scale is divided 
into 2-db divisions, the first ten of 
which are approximately equal. To 
obtain such a wide transmission range 
with uniform divisions on this type of 
meter requires an extreme shaping of 
the pole faces as can be observed from 
Figure 4. The non-uniform air-gap 
gives a variable damping and an ex- 
ternal damping device is provided to 
equalize this variation. 

The heat-sensitive paper is also 
sensitive to friction and can be marked 
by pressure with a small wire, a char- 
acteristic which is utilized to make 
each recorder rule its own db scaleasa 
record is made. Cheap plain unruled 
paper six inches wide is used and a 
high accuracy of calibration is ob- 
tained by making the ruling devices 
adjustable. The ruling devices consist 
of loops of spring wire. While the 
paper used in the recorder is sensitive 
to both heat and friction it will stand 

*RecorD, January, 1937, p. 167. 


of the meter is similar 
to the indicating deci- 


Fig. 6—The 
bel meters used with 
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“wiggles” 
pedance irregularities in a two-wire circuit 
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in this curve are due to small im- 


April 1938 


: 
& 
* 
| i i 
i H | i { { j 
SEC 
; 


considerable handling without injury. 

Two rates of paper movement are 
used in ordinary testing—ten inches 
per minute for transmission-frequency 
measurements where speed is im- 
portant and five inches per hour for 


OM 
OLUME 


REFERENCE 


APPROXIMATE VOLUME 
SCALE-DECIBELS FR 


surface of the paper the wax is re- 
moved at points directly over the 
lines and figures and the color of the 
paper shows through, making them 
clearly visible. It is, of course, neces- 
sary that the paper be located on the 
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Fig. 7—Speech-volume variations on a working telephone circuit 


long-period observations. The paper 
moving mechanism is made so that 
each curve can be torn off as soon as 
made, the paper coming out of a slot 
in the front of the case shortly after it 
has passed over the point of recording. 
The mechanism will accommodate a 
400-foot roll of paper, which is suffi- 
cient for about 400 transmission-fre- 
quency runs or for one month’s 
operation at the slow speed. A new 
roll of paper can be inserted in a very 
short time. 

As previously stated, the deflection 
of the meter in db is plotted against 
frequency for some classes of measure- 
ments and against time for others. 
Since the same meter is used for many 
types of test it is preferable not to 
have the paper ruled for either fre- 
quency or time. Time reference marks 
are made on the edge of the paper as 
it passes through the recorder, the 
marking device being adjustable so 
that it may be set correctly when a 
test is started. Frequency marks are 
applied after the record has been made 
by means of the apparatus shown in 
Figure 5. This is an etched metal 
plate with raised lines and figures 
upon which the paper is placed. When 
the scraper is drawn across the waxed 
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etched plate so that the frequency 
marks will be made at the proper 
points. This is done with the aid of a 
tuned circuit; when during a test run 
a particular frequency is received, a 
magnet is energized whose armature 
makes a mark on the edge of the paper. 
Later this mark is aligned with an in- 
dex mark on the etched plate. 

The oscillator of the recording sys- 
tem is of the heterodyne type which 
uses a single dial for frequency ad- 
justment, the frequency being varied 
continuously from one end of the 
range to the other as the dial is 
turned. When transmission-frequency 
curves are made a synchronous motor 
is connected to the dial, turning it at a 
uniform rate. The time-frequency 
scale of the oscillator is neither uni- 
form nor logarithmic, but a compro- 
mise which gives sufficient space on 
the record to all parts of the range 
which are of particular interest. Syn- 
chronism of the motors at the two 
ends of the circuit is effected by driv- 
ing them from the commercial sixty- 
cycle system. Many of these systems 
are now so extensive that both ends of 
a long telephone circuit will be served 
by the same power system. Even 
where this is not the case, the fre- 
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quency-stability of each system is 
usually so good that during the time a 
single record is being made the drift is 
unimportant. 

Three typical curves made by the 
recording system are shown in Fig- 
ures 6 to 8. Figure 6 is a transmission- 
frequency characteristic of a two-wire 
telephone message circuit. Even the 
small rapid changes in loss did not 
escape the record, the curve. hav- 
ing been made in about one minute, 
using a speed of ten inches per minute. 

Figure 7 is a record of continuous 
measurements on a message telephone 
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Fig. 8—Continuous 1000-cycle loss meas- 
urement during a trouble investigation 


circuit. This speech-volume record is 
of particular interest in showing 
graphically the variation of load on 
the circuit during the different pe- 
riods of the day and also the extreme 
variations in the volume of different 
talkers. The recording system was 
bridged on one end of the circuit so 
that a difference of several db in 
volume level between the talkers at 
the two ends is to be expected. 

It will be noted that the width of 
the mark made by the heated pointer 


is much greater in the case of the slow. 
speed records than in the case of the 
high-speed records. In the slow-speed 
records illustrated the points of in- 
terest are the peaks which the pointer 
reaches frequently and the heat is ad- 
justed so that a good record is made 
of these peaks. The movement of the 
pointer is so rapid that no trace is 
made between peaks and the zero line. 
The exact center of the broad line js 
directly under the heated wire. This 
point is clearly seen in the broad trace 
made by slow-speed records. 
Experience with recording trans- 
mission measuring systems shows that 
they are of considerable value in locat- 
ing intermittent troubles of short du- 
ration which are not easy to locate 
with manual arrangements. Figure 8 
is a record of the 1,000-cycle loss of a 
long four-wire cable circuit which was 
removed from service for purpose of 
trouble location. The small jogs in the 
curve were caused by the normal 
functioning of the automatic trans- 
mission regulators and the large jog 
at 9:45 A.M. was caused by an at- 
tendant making a routine adjustment. 
The sudden change, occurring at 8:50 
A.M., was due to a trouble which 
momentarily decreased the transmis- 
sion loss. A trouble condition of this 
type can be located by connecting 
transmission recorders at a number of 
different points along a circuit and 
making simultaneous records. 
Transmission-frequency measure- 
ments on circuits and repeaters can be 
made with this recording system in 
less than one-tenth the time required 
with manually operated apparatus. 


: 


Console-Type Speech-Input Equipment 


O meet the need for a single 

compact speech-input unit for 

small radio stations, a console- 
type equipment, coded the 23-type, 
has been developed. This equipment 
has also found application in the indi- 
vidual studio control rooms of large 
stations and at radio transmitter loca- 
tions where studio facilities are de- 
sired. Its compact form and ease of 
installation also make it useful for 
speech-input purposes at remote pick- 
up points which are semi-permanent. 


The cabinet is low enough to mount 
on a table without obstructing the 
view of the operator and thus com- 
bines the facilities normally provided 
by a bay assembly and control turret. 

The equipment handles four micro- 
phones or transcription programs and 
one program line at a time. In addition 
to the regular microphone switching 
keys, a “talkback” key enables the 
operator or program director to com- 
municate with the studio through the 
loudspeaker system. This feature is 


Console-ty pe speech-input equipment being operated by E. L. Owens, who was associated 
with its development 
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particularly desirable during rehear- 
sals or auditions, when the program 
director is observing a performance 
from the control room and desires to 
converse with the artists in the studio. 

The complete unit including ampli- 
fiers, volume indicator, power supply 
and switching circuits is assembled on 
a metal chassis 34 inches long and 14 
inches wide. Three covers which pro- 
tect the equipment also provide 
shielding between the various parts. 

Small vacuum tubes of the commer- 
cial receiver type are used in the ampli- 
fiers and high-fidelity performance is 
achieved through the use of stabilized 
feedback. The maximum net gain 
from microphone to line is approxi- 
mately 100 db, which is more than 
sufficient for modern broadcast micro- 
phones under all normal conditions. 
The equipment is provided with a 
choice of two input impedances so as 
to work satisfactorily with Western 


Electric dynamic microphones, or 
with microphones of the velocity type, 
The performance characteristics of 
this equipment meet all of the present 
and tentatively proposed standards 
for high-fidelity radio broadcasting, 
The frequency response of both the 
microphone and program line chan- 
nels is uniform within one db from 
30 to 10,000 cycles per second. The 
unweighted noise introduced by the 
equipment when operated at the 
maximum gain ordinarily required for 
Western Electric 630A Microphones 
is 61 db below the program level. 
Under the same condition the noise 
weighted as the ear would hear it is 
70 db below the program level. The 
harmonic distortion at the output of 
the line amplifier for a level 60 milli- 
watts is less than one-quarter of one 
per cent at 5,000 cycles, less than one- 
third of one per cent at 400 cycles, and 
less than one per cent at §0 cycles. 


Contributors 


I. V. WitttaMs received the B.S. de- 
gree in electro-chemical engineering from 
Pennsylvania State College in 1926. He 
had been employed by The Bell Telephone 
Company of Pennsylvania during the 
summer of 1925, and after graduation he 
was transferred to the Apparatus De- 
velopment Department of these Labora- 
tories. Mr. Williams has been con- 
cerned with various metallic materials and 
their testing. 

AFTER RECEIVING the degree of B.S. 
from the University of California in 1920, 
Milton L. Almquist spent one year with 
the General Electric Company at Sche- 
nectady and then joined the Department 
of Development and Research of the 
American Telephone and Telegraph Com- 
pany. There he engaged in the develop- 
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ment of toll equipment, first with radio 
systems and later with toll signaling and 
carrier developments. In 1932 he was 
placed in charge of a group handling toll 
maintenance and test board development, 
which, with the merging of the D. and R. 
and the Laboratories in the spring of 
1934, became part of the Systems De- 
velopment Department. Since 1935 he 
has been in the Transmission Develop- 
ment Department where he has been en- 
gaged in the design and development of 
carrier systems. 

Upon GrapuatinG from Cornell Uni- 
versity with the degree of M.E., specializ- 
ing in Electrical Engineering, E. C. 
Wegman joined the Bell System in July, 
1910, at the Hawthorne Works of the 
Western Electric Company. He was first 
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I. V. Williams 


assigned to the student course where he 

remained for about six months, part of 
this time being spent in installation work 
in Chicago and Columbus. In January, 
ig11, he was transferred to the Engi- 
neering Department of the Western Elec- 
tric Company at Hawthorne, now a part 
of the Bell Telephone Laboratories, where 
for several years he was engaged on the 
development of phantom-type cable cir- 
cuits suitable for loading. Mr. Wegman 
has been employed continuously at Haw- 
thorne ever since on cable development 
problems, one of the most important of 
which in recent years has been that of 
pulp insulation. 

Soon AFTER the World War ended, 
P. F. Jones entered the American Tele- 
phone and Telegraph Company with a 
degree from the University of 
Vermont (B.S. in E.E., 1918) 
and a commission in the Coast 
Artillery Corps to his credit. 
His first assignment was to the 
study of transmission charac- 
teristics of circuits, and during 
the next few years he measured 
several hundred standard tele- 
phone circuits which he as- 
sembled for the purpose. This 
work led ultimately to the plac- 
ing of transmission informa- 
tion on circuit drawings. 

When those determinations 
were undertaken, such meas- 
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M. L. Almquist 


P. F. Fones 


E. C. Wegman 


urements as were made depended on ear 
comparisons. The first meter-balance sets 
were developed by the group of which 
Mr. Jones was a member; and during the 
ensuing years he has seen these sets not 
only displace ear balance devices but 
extend their use into every part of the 
telephone plant. Devices are now avail- 
able for every purpose from the portable 
meter to be used at the subscriber’s tele- 
phone to the automatic recorder de- 
scribed in this issue. 

G. E. Arxins joined the Equipment 
Engineering Department of the Western 
Electric Company at Hawthorne in 1923 
after attending Roanoke College. The 
following year he transferred to the New 
England Telephone and Telegraph Com- 
pany to undertake similar work. He be- 
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E. A. Bescherer 


came a member of the Inspection Engi- 
neering Department of the Laboratories 
in 1926. At first his efforts were directed 
to telephone power apparatus and later to 
motor design. Since 1930 he has been en- 
gaged on mechanical design problems in 
the Commercial Products Department. 

E. A. BescHEerer graduated from Pur- 
due University in 1928 with the degree of 
B.S. in electrical engineering. He at once 
joined the Technical Staff of the Labora- 
tories, serving in the trial installations 
group of the Equipment Department. He 
later served successively in the current 
development and toll equipment groups. 
In 1934 he transferred to the Radio De- 
velopment Department, where he has 
since been chiefly engaged in the develop- 
ment of aircraft radio equipment. 

J. S. Exxiorr received a B.S. degree 
from Pennsylvania State College in 1922 
and at once joined the technical staff of 
the Laboratories. With the apparatus 
development department he was first 
engaged with routine tests and in making 
measurements of the electrical constants 
of apparatus. He then transferred to the 
condenser design group where he re- 


F. S. Elliott 


mained until 1927. Following this he en- 
gaged in the design of circuits and equip- 
ment for measuring the constants of 
transmission apparatus. 

W. Herriotr was engaged in astro- 
nomical research and worked in aerial 
photography before he came to the Lab- 
oratories. From 1914 to 1917, while an 
undergraduate, he assisted at the Alle- 
ghany Observatory. The following three 
years he spent with the Eastman Kodak 
Company on problems in astronomical 
and aerial photography. The next five 
years he worked with the Bausch and 
Lomb Optical Company on optical appa- 
ratus and the succeeding three years 
found him with the Fairchild Aerial Cam- 
era Corporation where he had charge of 
their Scientific Department. In 1928 he 
joined the Electrical Research Products, 
Inc., to work on sound pictures. These 
studies were continued at the Laboratories 
until 1936 when he transferred to the 
Materials Group of the Electro-mechani- 
cal Development Department to work 
on various optical and _ photographic 
problems including high-speed motion- 


picture photography. 
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